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ABSTRACT
B a c t e r i a l  p o p u l a t i o n s  from  an  o i l  s p i l l  s i t e  and from  o i l -  
t r e a t e d  and  n o n - t r e a t e d  m arsh  showed s e v e r a l  d i f f e r e n c e s  i n  p r o p o r ­
t i o n s  o f  m i c r o b i a l  m e ta b o l i c  t y p e s .  S i t e s  exposed  t o  o i l  had  l a r g e r  
h y d r o c a r b o n o c l a s t i c  b a c t e r i a l  p o p u la t io n s  th a n  s i t e s  w i th o u t  o i l .  B io­
mass o f  c e l l u l o l y t i c  b a c t e r i a  was g r e a t l y  r e d u c e d  i n  o i l e d  a r e a s .  A 
l o g a r i t h m i c  f r a c t i o n  ( log^g  o f  th e  number o f  h y d r o c a r b o n o c l a s t s  — 
o f  t h e  number o f  c e l l u l o l y t i c  o rg an ism s)  was s u g g e s te d  a s  a r e l i a b l e  
i n d i c a t o r  o f  o i l  p o l l u t i o n .  No c o n s i s t e n t  f l u c t u a t i o n  i n  th e  f u n g a l  
p o p u l a t i o n s  o f  t h e  s tu d y  a r e a s  was n o te d  w i th  o i l  i n t r u s i o n .  Of th e  
54 b a c t e r i a l  i s o l a t e s ,  25% w ere p r o t e o l y t i c  and h y d r o c a r b o n o c l a s t i c ,  
and  7% w ere  p r o t e o l y t i c  and c e l l u l o l y t i c .  T w e n ty - f iv e  p e r c e n t  ex ­
h i b i t e d  h y d r o c a r b o n o c l a s t i c  a c t i v i t y ,  16% had o n ly  p r o t e o l y t i c  a b i l i t y ,  
w h i le  9% had none o f  t h e s e  a c t i v i t i e s ;  a l i k e  p e r c e n ta g e  e x h i b i t e d  a l l  
t h r e e  a c t i v i t i e s ,  i . e . ,  h y d r o c a r b o n o c l a s t i c ,  c e l l u l o l y t i c ,  and p r o t e o ­
l y t i c  a c t i v i t y ;  none d e m o n s t ra te d  e x t r a c e l l u l a r  p r o t e o l y t i c  a c t i v i t y .  
H y d r o c a r b o n o c la s t ic  a c t i v i t y  was o b s e rv e d  i n  66% o f  t h e  25 y e a s t s ,  
r e p r e s e n t i n g  d i f f e r e n t  t a x a , s t u d i e d .
S tu d ie s  o f  optimum grow th  t e m p e r a tu r e s  o f  h y d r o c a r b o n - u t i l i z i n g  
o rg a n is m s  showed g r e a t e r  u t i l i z a t i o n  o f  o i l  a t  30 C th a n  a t  10 C o r  
20 C o v e r  a  4 -d a y  p e r i o d .  W eight l o s s  due to  w e a th e r in g  d u r in g  t h i s  
p e r i o d  was a s  g r e a t  a s  21% f o r  L o u i s i a n a  c ru d e  and  13% f o r  L ig h t  
A ra b ia n  c ru d e  o i l .  V o l a t i l i z a t i o n  was r e s p o n s i b l e  f o r  rem ova l o f
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a l k a n e s  up t o  C from  w e a th e re d  o i l .  T i a ju a n a  c ru d e  o i l  was c o n s i s ­
t e n t l y  o b s e rv e d  t o  form  s t a b l e  w a t e r - i n - o i l  e m u ls io n s .
I n v e s t i g a t i o n s  o f  th e  i n t e r a c t i o n  o f  p r o t e o l y t i c  o rg a n is m s  and  
c ru d e  o i l  d e m o n s t ra te d  t h a t  n e i t h e r  t o x i c i t y  n o r  enzyme i n h i b i t i o n  
o c c u r r e d .  S in c e  a l a r g e  number o f  o rg a n ism s  w ere  b o th  p r o t e o l y t i c  and 
h y d r o c a r b o n o c l a s t i c ,  c ru d e  o i l  i n t r u s i o n  may i n c r e a s e  p o p u l a t i o n s  o f  
p r o t e o l y t i c  o rg an ism s  i n  t h e  e n v i ro n m e n t .  None o f  t h e  c e l l u l o l y t i c  
o rg a n ism s  t e s t e d  w ere i n h i b i t e d  by c ru d e  o i l .  The m e ta b o li s m  o f  c e l l u ­
lo s e  was v a r i a b l e  i n  t h e  p r e s e n c e  o f  c ru d e  o i l .  One i s o l a t e  had  
r e d u c e d  grow th  r a t e  i n  c e l l u l o s e  medium w i th  c ru d e  o i l  p r e s e n t .  The 
r e d u c t i o n  o f  c e l l u l o l y t i c  b iom ass  i n  a r e a s  w i th  o i l  e x p o su re  i s  p ro b ­
a b ly  due to  t h e  i n t e r a c t i o n  o f  s e v e r a l  f a c t o r s .  S e l e c t i o n  and  e n r i c h ­
ment p r o c e s s e s  would seem t o  be s i g n i f i c a n t  f a c t o r s ,  s i n c e  o n ly  a s m a l l  
p e r c e n ta g e  o f  o i l  u t i l i z e r s  a r e  a l s o  a b l e  t o  m e ta b o l i z e  c e l l u l o s e .
S e v e r a l  a p p l i c a t i o n s  o f  m ic r o b ia l  c u l t u r e s  t o  o i l  medium, 
" s e q u e n t i a l  s e e d i n g , "  o v e r  a 3 -day  p e r io d  in d u c ed  32% w e ig h t  l o s s .  
I n t r o d u c t i o n  o f  a s i m i l a r  q u a n t i t y  o f  m i c r o b i a l  c e l l s  i n  o n ly  one 
a p p l i c a t i o n  p roduced  o n ly  a 25% r e d u c t i o n .  I n c o r p o r a t i o n  o f  b u t y l -  
am ine i n t o  c ru d e  o i l  a t  0.5% l e v e l s  in d u c ed  s l i g h t l y  g r e a t e r  o i l  d e g ­
r a d a t i o n  i n  m ost c a s e s .  The a d d i t i o n  o f  g lu c o s e  o r  c a rb o x y m e th y l -  
c e l l u l o s e  a p p e a re d  t o  have  no d e l e t e r i o u s  e f f e c t  on o i l  d e g r a d a t i o n  
and may b r in g  ab o u t more r a p i d  m e tab o lism  o f  c ru d e  o i l  by some o r g a ­
n ism s .
A p p l i c a t i o n s  o f  c ru d e  o i l  t o  t h e  s a l t - m a r s h  v e g e t a t i o n ,  S p a r ­
t i n a  a l t e r n i f l o r a , had l i t t l e  e f f e c t  on l i v i n g  v e g e t a t i o n .  Marsh
a r e a s ,  w i th  ab o v e-g ro u n d  S p a r t i n a  rem oved, showed re d u c e d  r e g e n e r a t i o n  
w i th  a p p l i c a t i o n s  o f  u n w ea th e red  and 2 -d a y  w e a th e re d  c ru d e  o i l .
I n  g e n e r a l ,  c o n c l u s i o n s  from th e  s tu d y  w ere t h a t  c ru d e  o i l  does  
in d u c e  a change i n  o v e r a l l  a c t i v i t y  o f  th e  e s t u a r i n e  m i c r o b i a l  p o p u la ­
t i o n .  The s i g n i f i c a n c e  o f  t h i s  m o d i f i c a t i o n ,  p r i n c i p a l l y  th e  r e d u c t i o n  
o f  c e l l u l o l y t i c  o rg a n is m s ,  was n o t  d e t e r m in e d ,  b u t  a  r e d u c t i o n  in  
c e l l u l o l y t i c  a c t i v i t y  c o u ld  s e r i o u s l y  a f f e c t  th e  e n e rg y  t r a n s f e r  and 
r e g e n e r a t i o n  o f  any o i l - a f f e c t e d  a r e a .  R e s u l t s  o f  s e q u e n t i a l  s e e d in g  
and o r g a n ic  a d d i t i v e  s t u d i e s  s u g g e s t  t h a t  t h e s e  m ethods m ig h t  p ro v e  
v e ry  u s e f u l  i n  a c c e l e r a t i n g  d e g r a d a t io n  o f  s p i l l e d  o i l .
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INTRODUCTION
Ketchum, a s  c i t e d  by Blumer (1971 ) ,  s t a t e d  t h a t  " n a tu r e  has  a 
trem endous  c a p a c i t y  t o  r e c o v e r  from  th e  a b u s e s  o f  p o l l u t i o n ,  so long  
a s  t h e  r a t e  o f  a d d i t i o n  does  n o t  exceed  th e  r a t e  o f  r e c o v e ry  o f  th e  
e n v i ro n m e n t ."  The p r e s s u r e s  o f  r a p i d  p o p u l a t i o n  g ro w th  w i th  i t s  i n ­
c r e a s e d  demand f o r  e n e rg y ,  fo o d ,  m a t e r i a l  g o o d s ,  and l i v i n g  space  a r e  
r a p i d l y  s t r a i n i n g  t h e  a b i l i t y  o f  n a t u r e  t o  r e c o v e r .  The s y n e r g i s t i c  
e f f e c t s  o f  th e  many s t r e s s e s  w hich man has p la c e d  on th e  env ironm en t 
a r e  c o m p le te ly  unknown in  many c a s e s  and m ust be g iv e n  a d d i t i o n a l  con ­
s i d e r a t i o n  (Dugan, 1972 ) .
The e s t u a r i n e  ec o sy s te m , p a r t i c u l a r l y  t h e  s a l t - m a r s h  eco sy s tem , 
i s  e s p e c i a l l y  v u l n e r a b l e  t o  th e  s u b t l e  a l t e r a t i o n s  r e s u l t i n g  from th e  
a c t i v i t i e s  o f  man (Odum, 1 9 7 0 ) .  In  s t u d i e s  o f  t h e  u n p o l l u t e d  m arshes  
a t  S a p e lo  I s l a n d ,  S c h e lsk e  and Odum (1962) c o n c lu d e d  t h a t  th e  h iy h  p r o ­
d u c t i v i t y  was due to  an a b u n d an t  s u p p ly  o f  n u t r i e n t s ,  r a p i d  r e g e n e r a ­
t i o n ,  and c o n s e r v a t io n  o f  n u t r i e n t s  r e s u l t i n g  from  th e  a c t i o n  o f  m ic ro ­
o rg a n ism s  and f i l t e r  f e e d e r s .
The B a r a t a r i a  Bay e s t u a r y  i s  a p r o d u c t i v e  eco sy s tem  i n  th e  
v i c i n i t y  o f  th e  v a s t  o f f s h o r e  o i l - p r o d u c i n g  a r e a s  o f  L o u i s i a n a .  The 
fo rm er  i s  a b re e d in g  o r  n u r s e r y  ground  f o r  m ost o f  t h e  co m m erc ia l ly  im­
p o r t a n t  s p e c i e s  o f  f i s h  and s h e l l f i s h  o f  th e  a r e a .  The p r o d u c t i v i t y  o f  
t h i s  l o c a l i t y  i s  c l o s e l y  l i n k e d  t o  t h e  m arsh  g r a s s ,  S p a r t i n a  a l t e r n i -  
f l o r a  (S c h e ls k e  and Odum, 1962; G u n te r ,  1967; Day e t  a l . ,  1973).  The
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m i c r o b i a l  c o n v e r s io n  o f  th e  p r im a ry  p ro d u c e r  t o  compounds more e a s i l y  
u t i l i z e d  by  h ig h e r  o rg an ism s  i s  e s s e n t i a l  t o  t h e  food  c h a i n  o f  th e  
e s t u a r y .  C e l l u l o s e  m ak es .u p  30-50% o f  t h e  w e ig h t  o f  t h e  S p a r t i n a .
T e a l  (1962) found  t h a t  m ic ro o rg a n ism s  were r e s p o n s i b l e  f o r  a m a jo r i t y  
o f  th e  breakdow n o f  p l a n t  t i s s u e .
The w orldw ide  t r a n s p o r t a t i o n  o f  c ru d e  o i l  and  i t s  many r e f i n e d  
p r o d u c t s  on o c e a n ic  s h ip p in g  l a n e s  has  in c r e a s e d  s i g n i f i c a n t l y  d u r in g  
t h e  l a s t  d e c a d e  (B e rn a rd ,  1971; J a g g e r ,  1971; Moss, 1 9 7 1 ) .  W ith in  t h i s  
p e r i o d  t h e r e  h a s  been  a c o n c u r r e n t  e x p a n s io n  i n  th e  s e a r c h  f o r  o i l  in  
o f f s h o r e  a r e a s ,  a s  w e l l  a s  an i n c r e a s e  i n  t h e  u t i l i z a t i o n  o f  o f f s h o r e  
o i l  p o r t  f a c i l i t i e s  f o r  lo a d in g  and r e c e i v i n g  o i l  from s u p e r t a n k e r s .
In  a d d i t i o n  to  q u a n t i t i e s  o f  o i l  lost: i n  t h e  normal o p e r a t i o n s  o f  th e  
o i l  i n d u s t r y ,  o i l  may p e n e t r a t e  th e  m a rin e  en v iro n m en t  from s e v e r a l  
o t h e r  s o u r c e s .  C a t a s t r o p h i c  a c c i d e n t s ,  such  a s  t h e  T o rre y  Canyon and 
S a n ta  B a r b a r a ,  a d m it  o i l  to  th e  e n v iro n m en t  i n  d e v a s t a t i n g  q u a n t i t i e s .  
O i l  may a l s o  r e a c h  t h e  s e a  th ro u g h  subm arine  s e e p s  (Blumer, 1972) and 
from  i n d u s t r i a l  and d o m e s t ic  w a s te s  (B e rn a rd ,  1 9 7 1 ) .
D ata p r e p a r e d  f o r  t h e  N a t io n a l  P e tro le u m  C o u n c i l  (N. P e t r .  
C o u n c i l ,  1971, 1972) f u r t h e r  i l l u s t r a t e  th e  u rg en cy  o f  th e  o c e a n ic  o i l  
p o l l u t i o n  p ro b lem . The r e p o r t  c h a r a c t e r i z e d  38 m a jo r  o i l  s p i l l s  
( g r e a t e r  th a n  2000 b a r r e l s )  w hich w ere c a t a lo g u e d  be tw een  1959 and 
1969. A r e p r e s e n t a t i v e  s p i l l  would b e :
1) l i k e l y  t o  be  from a ta n k e r  (75%)
2) c ru d e  o r  r e s i d u a l  o i l  (90%)
3) more th a n  5000 b a r r e l s  (70%)
4) w i t h i n  10 m i l e s  o f  s h o re  (80%)
5) c o n ta m in a te  l e s s  th a n
20 m i le s  o f  c o a s t l i n e  (80%)
A d d i t i o n a l  d a t a  on e n v i ro n m e n ta l  p a r a m e te r s  (wind s p e e d ,  wave
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h e i g h t ,  wind d i r e c t i o n )  i n d i c a t e  t h a t  c o n v e n t io n a l  m ethods o f  o i l  co n ­
ta in m e n t  would have  b een  c o m p le te ly  u s e l e s s  i n  a t  l e a s t  50% o f  th e  
s p i l l s  exam ined . The i n c id e n c e  o f  o i l  s p i l l s  i n  th e  a r e a  and l o c a t i o n  
o f  a p ro p o se d  o f f s h o r e  o i l  p o r t  f a c i l i t y  i n  th e  v i c i n i t y  o f  t h e  B ara ­
t a r i a  sy stem  s u g g e s t s  t h e  need  f o r  a b e t t e r  u n d e r s t a n d in g  o f  th e  r e a l  
and  p o t e n t i a l  im p ac t  o f  c ru d e  o i l  w i t h i n  t h i s  h a b i t a t .
Numerous s t u d i e s  have  d e a l t  w i th  th e  e f f e c t s  o f  c ru d e  o i l  on 
m a jo r  p o r t i o n s  o f  t h e  m a c r o - f lo r a  and fa u n a  o f  v a r i o u s  eco sy s tem s 
(C arthy  and A r th u r ,  1968; N e lso n -S m ith ,  1970, 1973; M ironov, 1968,
1 9 7 1 a ) . In  a d e t r i t a l - b a s e d  sys tem  such  a s  B a r a t a r i a  Bay, t h e  e f f e c t  
o f  c ru d e  o i l  on th e  m i c r o b ia l  e c o sy s te m  i s  an e x t re m e ly  im p o r ta n t  con ­
s i d e r a t i o n .  Any d e v i a t i o n  from th e  fu n d a m e n ta l  one-way f low  o f  ene rgy  
from g re e n  p l a n t s  to  th e  v a r io u s  food c h a i n s  o f  consumer o rg an ism s  can 
a l t e r  th e  c h m u c t e i  o f  th e  e s t u a r i n e  ecosys tem  (Udunt, 1970).  The im­
p o r ta n c e  o f  m ic ro o rg an ism s  in  t h i s  i n s h o r e  environm ent, demands b e t t e r  
u n d e r s t a n d in g  o f  th e  i n s i d i o u s  ch an g e s  b ro u g h t  a b o u t  by o i l  p o l l u t i o n .
The p o t e n t i a l  a b i l i t y  o f  a  p o l l u t a n t  t o  i n i t i a t e  m e ta b o l i c  m o d i f i c a t i o n s ,  
a lo n e  o r  s y n e r g i s t i c a l l y  w ith  o t h e r  p o l l u t a n t s ,  i s  a d e f i n i t e  p ro b lem .
The i n t e r a c t i o n  o f  p o l l u t a n t s  and  th e  e x tre m es  o f  th e  e s t u a r i n e  e n v i r o n ­
ment a r e  a l s o  a r e a l  t h r e a t  i n  even  m in im al p o l l u t i o n  l e v e l s .
P re v io u s  s t u d i e s  w i t h i n  th e  B a r a t a r i a  Bay s a l t - m a r s h  r e g io n  
d e m o n s t ra te d  s e v e r a l  o i l - i n d u c e d  ch an g e s  i n  y e a s t  p o p u la t io n s  (Crow,
1971; Meyers e t  a . i . ,  1 9 7 3 ) .  I n c r e a s e  in  t o t a l  y e a s t  p o p u l a t i o n s ,  a s  
w e l l  a s  a change  in  th e  s p e c i e s  c o m p o s i t io n  o f  o i l - t r e a t e d  a r e a s ,  were 
o b s e rv e d .  A m i c r o b i a l  s u c c e s s io n  from th e  norm al p o p u l a t i o n ,  i . e . ,
P i c h i a  and Kluyveromyces d o m in a n t ,  to  a p o p u l a t i o n  more c a p a b le  o f  
d e g ra d in g  o i l ,  a R h o d o to ru la  and T r ic h o s p o ro n  d o m in an t p o p u l a t i o n ,
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w ere  n o te d .  I t  was s u g g e s te d  t h a t  t h i s  change  i n  s p e c i e s  dom inance 
c o u ld  a l t e r  t h e  m e ta b o l i c  a c t i v i t y  o f  t h i s  m i c r o b i a l  p o p u l a t i o n ,  s i n c e  
o i l - i n d u c e d  s p e c i e s  had r e s t r i c t e d  m e ta b o l i c  a c t i v i t y .  The p r im a ry  
c o n v e r s io n  o f  p r o t e i n  and c e l l u l o s e  a r e  two o f  t h e  more im p o r ta n t  
m i c r o b i a l l y - m e d i a t e d  p r o c e s s e s  i n  t h e  s a l t  m arsh  e n v i ro n m e n t .  Y e a s ts  
a r e  p ro b a b ly  a c t i v e  o n ly  i n  t h e  c o n v e r s io n  o f  s e c o n d a ry  m e t a b o l i t e s  
from  t h e s e  p r o c e s s e s .  B a c t e r i a l  p o p u l a t i o n s ,  due t o  t h e i r  g r e a t e r  
m e ta b o l i c  a c t i v i t y ,  a r e  more im p o r ta n t  i n  t h e  i n i t i a l  breakdown o f  . 
p r o t e i n  and  c e l l u l o s i c  m a t e r i a l s .  However, i n t e r f e r e n c e  a t  any  p o i n t  
i n  t h e  o v e r a l l  breakdown o f  t h e s e  s u b s t r a t e s  can  p ro d u c e  s u b s t a n t i a l  
m o d i f i c a t i o n s  i n  t h e  en e rg y  t r a n s f e r  sy s te m s  o f  t h e  s a l t  m arsh .
In  v iew  o f  t h e s e  c o n s i d e r a t i o n s ,  th e  g e n e r a l  o b j e c t i v e s  o f  t h i s  
r e s e a r c h  w ere :
1) t o  f u r t h e r  s tu d y  th e  e f f e c t s  o f  c ru d e  o i l  on m i c r o b i a l  p o p u la ­
t i o n s
2) t o  d e te rm in e  th e  e f f e c t  o f  c ru d e  o i l  i n t r u s i o n  on th e  m i c r o b ia l  
c o n v e r s io n  o f  two m ajo r  complex s u b s t r a t e s  ( c e l l u l o s e  and 
p r o t e i n )
3) t o  examine th e  p h y s io lo g y  o f  t h e  m ajor h y d r o c a r b o n - u t i l i z i n g  
o rg a n is m s  o f  th e  m arsh  sy stem
4) t o  e v a l u a t e  some o f  th e  c o n t r o l l i n g  f a c t o r s  i n  t h e  b io d e g ra d a ­
t i o n  o f  p o l l u t i n g  o i l  i n  t h e  e s t u a r i n e  sy s tem
5) t o  e s t a b l i s h  t h e  t o x i c i t y  o f  a  c ru d e  o i l  on t h e  m a jo r  p r im a ry  
p ro d u c e r  (S. a l t e r n i f l o r a )  i n  t h e  e s t u a r i n e  a r e a .
REVIEW OF LITERATURE
A c o m p le te  r e v ie w  o f  t h e  e x t e n s i v e  l i t e r a t u r e  d e a l i n g  w i th  o i l  
s p i l l s  and th e  m i c r o b i a l  d e g r a d a t i o n  o f  s p i l l e d  o i l  i s  beyond th e  sco p e  
o f  t h i s  w ork . The e x c e l l e n t  r e v ie w s  o f  N e lso n -S m ith  (1968a, 1970, 
1 9 7 3 ) ,  C ow ell (1 9 7 1 c ) ,  Z oB e ll  (1964, 1 9 6 9 ) ,  A t l a s  and  B a r th a  (1 9 73d) ,  
and  th e  s t u d i e s  o f  H epple (1971) and M ironov (1971b) a r e  recommended 
f o r  c o m p le te  c o v e ra g e  o f  t h e  t o p i c .
E f f e c t  o f  Crude O i l  on t h e  B iogeocoenose
G e n e ra l  P o l l u t i o n  E f f e c t s
C o n ta m in a t io n ,  a s  d e f i n e d  by Hood (19 7 1 ) ,  i s  th e  a d d i t i o n  o f  
any f o r e i g n  m a t e r i a l  t o  a medium, w h ereas  p o l l u t i o n  i s  d e s c r i b e d  a s  
t h e  a d d i t i o n  o f  a  c o n ta m in a n t  w h ich  i s  found  to  be  h a rm fu l .  C a i rn s  
and  Lanza (1972) d e f i n e  p o l l u t i o n  a s  " th e  a p p e a ra n c e  o f  some e n v i ro n ­
m e n ta l  q u a l i t y  f o r  w h ich  t h e  exposed  community had in a d e q u a te  in fo rm a ­
t i o n ,  and  t h u s  i s  i n c a p a b le  o f  an  a p p r o p r i a t e  r e s p o n s e , "  I n  g e n e r a l ,  
t h e  d e l e t e r i o u s  e f f e c t s  o f  p o l l u t i o n  may be  p la c e d  i n t o  two b ro ad  
c a t e g o r i e s :
1) t h e  im m ed ia te  o r  a c u t e  e f f e c t s
2) t h e  c h r o n ic  e f f e c t s  w h ich  may be  l e t h a l  o r  s u b l e t h a l .
The a c u t e  e f f e c t s  i n  m os t i n c i d e n c e s  o f  p o l l u t i o n  a r e  w e l l  e s t a b l i s h e d ,  
f o r  t h e s e  a r e  o b v io u s  even  t o  t h e  c a s u a l  o b s e r v e r .  The c h r o n ic  e f f e c t s  
a r e  o f t e n  o v e r lo o k e d  b e c a u s e  o f  t h e i r  s u b t l e  n a t u r e .  One o f  th e
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g r e a t e s t  p ro b lem s  i n  e v a l u a t i o n  o f  p o l l u t i o n  i s  o u r  l a c k  o f  knowledge 
o f  th e  l i m i t s  o f  i t s  t o l e r a n c e  (Dugan, 19 7 2 ) .  The te n d e n c y  has  been  to  
e v a l u a t e  e f f e c t s  i n  te rm s  o f  a c u t e  t o x i c i t y ,  i . e . ,  f i s h  k i l l s ,  e t c . ,  
w h i l e  s u b l e t h a l  c h r o n ic  e f f e c t s  have  been  c o m p le te ly  ig n o r e d .
C o n ta m in a t io n  o f  an  en v iro n m en t  s e t s  i n  m o tio n  a number o f  r e ­
s p o n s e s  t o  th e  a l l o c h th o n o u s  s u b s t a n c e .  As soon a s  a c o n ta m in a n t  o r  
p o l l u t a n t  i s  added  to  an  aqueous e n v iro n m e n t ,  i t  becomes an  i n t e g r a l  
p a r t  o f  th e  sy s tem  and th e  o rg an ism s  w hich i n h a b i t  t h a t  e c o sy s tem .
The m ost o b v io u s  r e s p o n s e  to  a f o r e i g n  m a t e r i a l  i s  t h a t  o f  i t s  t o x i c i t y  
r e s u l t i n g  i n  d e a th  o f  th e  s u s c e p t i b l e  o rg a n ism .  The t o x i c i t y  o f  th e  
s u b s t a n c e  may a r i s e  from a number o f  m echanism s, i . e . ,  c e l l  d i s r u p t i o n ,  
n a r c o s i s ,  o r  d i s r u p t i o n  o f  m e ta b o l i c  a c t i v i t y .  A second  r e s p o n s e  i s  
one  o f  e n r ic h m e n t  o r  s e l e c t i o n  (A lex an d e r ,  1971) o f  a p a r t i c u l a r  m eta­
b o l i c  ty p e  due t o  compounds i n  t h e  c o n ta m in a t in g  m a t e r i a l .  T h is  can 
be d e t r i m e n t a l  i f  i t  l e a d s  t o  e s t a b l i s h m e n t  o f  a p o p u l a t i o n  in c a p a b le  
o f  c a r r y i n g  on  th e  f u n c t i o n s  o f  th e  "norm al"  p o p u l a t i o n ,  t h u s ,  energy  
t r a n s f e r  w i t h i n  t h e  sy s tem  becomes l e s s  e f f i c i e n t  (Odum, 1970 ) .  O ther  
i n s i d i o u s  changes  i n  en e rg y  t r a n s f e r ,  r e p r o d u c t i v e  c a p a c i t y  and  g e n e t i c  
m a t e r i a l  may r e s u l t  i n  p o p u l a t i o n s  w hich a r e  to o  weak to  overcome 
n o rm al ,  n o n - l e t h a l  e n v i ro n m e n ta l  s t r e s s e s .  E c o l o g ic a l  r e s p o n s e ,  how­
e v e r ,  c a n n o t  u s u a l l y  be p la c e d  i n t o  s t r i c t  c a t e g o r i e s .  R e a c t io n  to  
p o l l u t a n t s  i s  f r e q u e n t l y  a  complex p r o c e s s  r e s u l t i n g  from th e  i n t e g r a ­
t i o n  o f  t o x i c i t y ,  e n r ic h m e n t ,  s e l e c t i o n ,  i n h i b i t i o n  and t h e i r  i n t e r ­
a c t i o n  w i th  th e  s u b t l e  e f f e c t s  o f  s u b l e t h a l  m o d i f i c a t i o n s .
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S p e c i f i c  O i l - I n d u c e d  Phenomena
R e c e n t ly ,  man h as  r e c o g n i z e d  th e  v a s t  q u a n t i t y  o f  o i l  t h a t  
r e a c h e s  t h e  s e a ,  a c c u m u la te s  t h e r e  and  damages t h e  sy s tem  ( M i t c h e l l ,  
1972; H e y e rd a h l ,  1971; Blum er, 1 9 7 1 ) .  The e f f e c t  o f  c ru d e  o i l  on  eco ­
s y s te m s  i s  a p e r p l e x in g  p rob lem  due  t o  th e  u n iq u e  ch e m ic a l  n a t u r e  o f  
c r u d e  o i l .
C rude o i l  i s  a  complex m ix tu r e  o f  h y d ro c a rb o n s  and non­
h y d ro c a rb o n  e n t i t i e s  c o n t a i n i n g  o x y g en ,  s u lp h u r ,  n i t r o g e n  and  many 
t r a c e  m e ta l s  (D av is ,  1967; Dean, 1 9 6 8 ) .  The h y d ro c a rb o n s  i n  c ru d e  o i l  
may b e  p a r a f f i n s  (a lk a n e s  o r  s a t u r a t e d  h y d ro c a rb o n s )  o r  a r o m a t ic  h y d ro ­
c a r b o n s .  As a  c l a s s ,  c ru d e  o i l  d o e s  n o t  u s u a l l y  c o n t a i n  o l e f i n s  o r  
a l k e n e s ,  b u t  t h e s e  compounds may b e  found  i n  o t h e r  p e t ro le u m  p r o d u c t s  
(Blumer, 19 7 3 ) .  The n o n -h y d ro c a rb o n  c o n s t i t u e n t s  a r e  u s u a l l y  r e f e r r e d  
to  s im p ly  a s  a s p h a l t i c  m a t e r i a l .
Z oB ell  (1973a) l i s t e d  t h e  c o m p o s i t io n  o f  c ru d e  o i l s  a s :  a l i -
p h a t i c s ,  15-35%; c y c l o p a r a f f i n s , 30-50%; a r o m a t i c s ,  5-20%; and  a s p h a l -  
t e n e s ,  2-15%. O i l s  from d i f f e r e n t  g e o g ra p h ic  r e g io n s  can  be v e r y  d i s ­
s i m i l a r  c h e m ic a l ly  and  t h e r e f o r e  t o x i c o l o g i c a l l y . Numerous compounds 
fo u n d  i n  c ru d e  o i l s ,  i . e . ,  b e n z e n e ,  h e x a n e ,  e t c . ,  have  w e l l  e s t a b l i s h e d  
t o x i c i t i e s  a t  low c o n c e n t r a t i o n s  (Van O verbeek  and  B londeau ,  1 9 5 4 ) .  
H avis  (1950) r e p o r t e d  t h a t  a r o m a t i c  h y d ro c a rb o n s  a r e  m ost t o x i c  t o  
p l a n t s ,  w i th  o l e f i n s  and n a p h th e n e s  ra n k e d  n e x t ,  and a l k a n e s  b e in g  
l e a s t  t o x i c .  W hile t h e  a c t u a l  mode o f  t o x i c i t y  i s  beyond t h e  r a n g e  o f  
t h i s  r e v ie w ,  i t  i s  w e l l  known t h a t  m ost t o x i c  h y d ro c a rb o n s  e x h i b i t  n a r ­
c o t i c  p r o p e r t i e s  i n  low c o n c e n t r a t i o n s .  A t h ig h e r  c o n c e n t r a t i o n s ,  
c e r t a i n  h y d ro c a rb o n s  become m a rk e d ly  t o x i c  due to  t h e i r  b e in g  c y t o ­
l y t i c ,  th u s  b r in g i n g  a b o u t  a d i s r u p t i o n  o f  c e l l u l a r  o r g a n i z a t i o n .
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The m ost o b v io u s  c o n seq u en c e  o f  o i l  e n t e r i n g  an  a q u a t i c  e n v i r o n ­
ment i s  t h e  d e a t h  o f  b i r d s ,  f i s h  o r  a q u a t i c  mammals. However, th e  m ost 
d e s t r u c t i v e  o f  t h e s e  e f f e c t s  o c c u r  i n  i n t e r t i d a l  zones  w here i n t e n s e  
b i o l o g i c a l  a c t i v i t y  e x i s t s  ( M i t c h e l l ,  1 9 7 2 ) .
Blumer (1971) l i s t s  t h e  e f f e c t s  o f  c r u d e  o i l  on t h e  m a rin e  e c o ­
sy s te m  a s  f o l l o w s :
1) D i r e c t  k i l l  o f  o rg a n is m s  th ro u g h  c o a t i n g  and a s p h y x i a t i o n
(A r th u r ,  1968 ) .
2) D i r e c t  k i l l  th ro u g h  c o n t a c t  p o i s o n in g  o f  o rg a n is m s .
3) D i r e c t  k i l l  th ro u g h  e x p o su re  t o  t h e  w a te r  s o l u b l e  t o x i c  com­
p o n e n ts  o f  o i l .
4) D e s t r u c t i o n  o f  t h e  more s e n s i t i v e  j u v e n i l e  fo rm s o f  o rg a n is m s .
5) D e s t r u c t i o n  o f  t h e  food  s o u r c e s  o f  h i g h e r  o rg a n is m s .
6) I n c o r p o r a t i o n  o f  s u b l e t h a l  am ounts  o f  o i l  and  o i l  p r o d u c t s  i n t o  
o rg a n is m s ,  r e s u l t i n g  i n  r e d u c e d  r e s i s t a n c e  t o  i n f e c t i o n  and 
o t h e r  s t r e s s e s  ( th e  p r i n c i p a l  c a u s e  o f  d e a t h  i n  b i r d s  s u r v iv in g  
th e  im m edia te  ex p o su re  t o  o i l )  (B eer ,  1 9 6 8 ) .
7) D e s t r u c t i o n  o f  food  v a lu e s  th ro u g h  th e  i n c o r p o r a t i o n  o f  o i l  and 
o i l  p r o d u c t s  i n t o  f i s h e r i e s  r e s o u r c e s .
8) I n c o r p o r a t i o n  o f  c a r c in o g e n s  i n t o  t h e  m a r in e  food  c h a i n  and 
human food  s o u r c e s .
9) Low l e v e l  e f f e c t s  t h a t  may i n t e r r u p t  any  o f  t h e  numerous e v e n t s  
n e c e s s a r y  f o r  t h e  p r o p a g a t io n  o f  m a r in e  s p e c i e s  and f o r  th e  
s u r v i v a l  o f  t h o s e  s p e c i e s  w hich s t a n d  h ig h e r  i n  t h e  m a rin e  food 
web.
The t o x i c i t y  o f  c ru d e  o i l  and  i t s  d e r i v a t i v e s  t o  a n im a l  l i f e  
has  been e x t e n s i v e l y  r e p o r t e d  i n  t h e  l i t e r a t u r e .  N o r th  (1961) n o te d  
in c r e a s e d  m o r t a l i t y  o f  f i s h  due to  t h e i r  e x p o s u re  t o  a  l a r g e  o i l  s p i l l  
i n  a  s m a l l  co v e .  I t  was a l s o  o b s e rv e d  t h a t  t h e  f l e s h  o f  some f i s h  
w h ich  came i n t o  c o n t a c t  w i th  o i l  had  become t o x i c .  The s p e c i e s  m ost 
a f f e c t e d  w ere  r e p o r t e d  t o  be a b a lo n e  (H a l i o tu s  c r a c h e r o i d e s ) , l o b s t e r  
(P a n u l i r u s  i n t e r r u p t u s ) ,  s e a  u r c h i n  (S t r o n g y l o c e n t r o t u s  f r a n c i s c a n u s ) 
a s  w e l l  a s  s e v e r a l  o t h e r  o rg a n is m s .
Bellam y e t  a l .  (1967) d e m o n s t r a te d  an  a l t e r a t i o n  o f  th e  l i t t o r a l  
and  s u b l i t t o r a l  e c o sy s te m s  a t  s e v e r a l  s i t e s  due  to  t h e  t o x i c i t y  o f  c ru d e  
o i l - d e t e r g e n t  e m u ls io n s  on g r a z i n g  o rg a n is m s .  The l i m p e t s  P a t e l l a
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v u l g a t a , P_. i n t e r m e d i a , and  P̂ . a s p e r a  seemed t o  b e  m ost a f f e c t e d .
M ironov (1968) c i t e d  t h e  i n i t i a l  c o n ta m in a t io n  o f  t h e  hypo- 
n e u s to n  (o rg an ism s  a s s o c i a t e d  w i th  s u r f a c e  f i lm )  a s  a s i g n i f i c a n t  
e f f e c t  o f  o i l  p o l l u t i o n .  The eggs and  l a r v a l  s t a g e s  o f  many p e l a g i c  
s p e c i e s  a r e  found  i n  t h i s  s p e c i f i c  e n v i ro n m e n ta l  r e g i o n .  T o x i c i t i e s  
t o  C a lan u s  and A c a r t i a  a f t e r  72 -96  h o u r s  w ere  n o te d  a t  .001 ml o f  o i l  
p e r  l i t e r  o f  s e a w a te r .
The im m ed ia te  m o r t a l i t i e s  o f  b a r n a c l e s ,  c r a b s ,  m u s s e l s ,  b i ­
v a l v e s ,  and  many ech in o d e rm s  was o b s e rv e d  by  N e lso n -S m ith  (1968b) f o l ­
low ing  th e  s p i l l  o f  d i e s e l  o i l  from th e  t a n k e r  Tampico M aru. S p i l l s  
i n  M i l f o r d  Haven a l s o  p ro d u c e d  d r a s t i c  e f f e c t s  on g a s t r o p o d  m o l lu s c s ,  
w i th  t h e  t o p s h e l l ,  Monodonta l i n e a t a , b e in g  c o m p le te ly  e l i m i n a t e d .  
O b s e rv a t io n s  from  th e  Tampico Maru and T o r re y  Canyon d i s a s t e r s  and 
s p i l l s  a t  M i l f o r d  Haven s u g g e s t  t h a t  a l th o u g h  o i l  a lo n e  i s  t o x i c ,  f a r  
g r e a t e r  damage o c c u r r e d  when e m u l s i f i e r s  w ere  u s e d .  I t  was a l s o  e v i ­
d e n t  t h a t  l o c a l i t i e s  damaged by a s i n g l e  i n c i d e n t ,  no m a t t e r  how l a r g e ,  
te n d  to  r e c o v e r  more r e a d i l y  th a n  a r e a s  w i th  c h r o n ic  p o l l u t i o n ,  such  
a s  M i l f o r d  Haven.
M ironov (1971a) showed t h a t  l a r v a l  form s i n  w a te r  c o n t a i n i n g  
o i l  w ere  e x t r e m e ly  ab n o rm a l on  h a t c h i n g ,  i f  th e y  w ere  n o t  a c t u a l l y  
k i l l e d  d i r e c t l y  by h y d ro c a rb o n s .  S tu d ie s  a l s o  showed t h a t  e m u l s i f i c a -  
t i o n  l e a d  t o  much g r e a t e r  damage to  f i s h ,  i n d i c a t i n g  p o s s i b l e  s i g n i f i ­
can c e  o f  m e c h a n ic a l  a c t i o n  o f  t i n y  d r o p l e t s  on th e  g i l l  a p p a r a t u s .
K an te r  e t  a l .  (1971) d e m o n s t r a te d  t h a t  M y t i lu s  c a l i f o r n i a n u s  
from  a  n a t u r a l  s e e p  a r e a  showed h ig h e r  t o l e r a n c e s  to  low c o n c e n t r a t i o n s  
o f  o i l  th a n  t h e  same s p e c i e s  from n o n - o i l  s e e p  a r e a s .  However, mor­
t a l i t y  was more r a p i d  and g r e a t e r  when (lie fo rm er were exfiosed to
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h ig h e r  c o n c e n t r a t i o n s  o f  o i l .
The e f f e c t s  o f  c r u d e  o i l  on v e g e t a t i o n  a r e  n o t  a s  w e l l  e s t a b ­
l i s h e d  a s  th e  im p a c t  on  many a n im a l  s p e c i e s .  M ackin (1950) showed t h a t  
t h e  a d d i t i o n  o f  L o u i s i a n a  c ru d e  o i l ,  a t  l e v e l s  o f  25 m l / s q  f t ,  c a u s e d  
i n i t i a l  damage t o  v e g e t a t i o n ;  h a l f  t h i s  am ount p ro d u ced  no m e a su ra b le  
e f f e c t .  R ecovery  a f t e r  one y e a r  was n o te d  f o r  c o n c e n t r a t i o n s  o f  12 and 
25 m l / s q  f t ,  b u t  o n ly  50% r e c o v e re d  when 50 m l / s q  f t  was u s e d .  The 
s a l t  m arsh  v e g e t a t i o n  S p a r t i n a  a l t e r n i f l o r a , S a l i c o r n i a  b i g e l v i i , D is -  
t i c h l i s  s p i c a t a , and A vecenn ia  s p .  w ere  e s p e c i a l l y  s e n s i t i v e  t o  o i l  
p o l l u t a n t s .
F o l lo w in g  th e  T o r re y  Canyon i n c i d e n t ,  R anw ell (1968) showed 
t h a t  o i l  w e a th e re d  f o r  a t  l e a s t  one  week was a b l e  to  s e r i o u s l y  a f f e c t  
t h e  s a l t  m a rsh .  S a l i c o r n i a  s p . , A rm eria  m a r i t i m a , A s t e r  t r i p o l i u m , 
P la n t a g o  m a r i t i m a , P u c c i n e l l a  m a r i t i m a , and  Suaeda m a r i t im a  w ere dam­
ag ed  by o i l  i n  t h e  a r e a s  s t u d i e d .  S p a r t i n a  m a rsh es  i n  Southam pton had 
been  a f f e c t e d  by p e r s i s t e n t  p o l l u t i o n .
C ow ell (1969) o b s e rv e d  t h a t  b i o l o g i c a l  co n se q u e n c e s  o f  s p i l l s  
on o r  n e a r  t h e  s a l t  m arsh  w ere  m os t s e v e r e  when o i l  r e a c h e s  lan d  
s h o r t l y  a f t e r  d i s c h a r g e .  For exam ple ,  S p a r t i n a  to w n s e n d i i  was d r a s t i ­
c a l l y  r e d u c e d  w here  o i l  r e a c h e d  th e  m a rsh es  im m e d ia te ly  a f t e r  r e l e a s e .
In  a r e a s  w here o i l - c l e a n i n g  o p e r a t i o n s  had o c c u r r e d ,  55% o f  t h e  S p a r t i n a  
had b e e n  k i l l e d ,  o n ly  38% was a f f e c t e d  w here no c l e a n i n g  o p e r a t i o n s  
to o k  p l a c e .  In  a d d i t i o n  to  d i r e c t  t o x i c i t y ,  i t  was p o s t u l a t e d  t h a t  
damage may have  a r i s e n  from th e  e s t a b l i s h m e n t  o f  i n t e n s e  a n a e r o b ic  
c o n d i t i o n s  and b lo c k a g e  o f  i n t e r n a l  oxygen t r a n s p o r t  mechanisms w i t h i n  
t h e  p l a n t .
C ow ell e t  a l .  (1970) d e m o n s t r a te d  t h a t  o i l  a d h e r e s  to  m arsh
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and  m arsh  p l a n t s  and  t h a t  l i t t l e  i s  removed by s u c c e s s i v e  t i d e s .
Leaves c o v e re d  by  o i l  f i l m s  may re m a in  g r e e n  f o r  s h o r t  p e r i o d s  o f  2-4 
d a y s ,  b u t  u s u a l l y  d i e  t h e r e a f t e r .  New p l a n t  s h o o t s  w ere  n o te d  w i t h i n  
3 weeks u n l e s s  l a r g e  q u a n t i t i e s  o f  o i l  had  soaked  i n t o  t h e  p l a n t  r h i z o -  
s p h e re  and s u r r o u n d in g  s o i l . R ecovery  from  p o l l u t i o n  was s lo w e s t  d u r ­
in g  t h e  w in t e r  due  to  l a c k  o f  new g ro w th .  E v id en ce  seems t o  i n d i c a t e  
t h a t  l a r g e  s p i l l s  do n o t  p e rm a n e n t ly  damage v e g e t a t i o n ,  b u t  t h a t  low - 
l e v e l  c h r o n ic  p o l l u t i o n  may c o m p le te ly  w ip e  o u t  t h e  m arsh  v e g e t a t i o n  
and l e a d  t o  e x t e n s i v e  e r o s i o n .
Baker (1970) r e p o r t e d  t h a t  t o x i c i t y  c a n  be a  f u n c t i o n  o f  ty p e  
and q u a n t i t y  o f  o i l ,  amount o f  w e a th e r in g ,  and s p e c i e s  and  age  o f  
p l a n t s  in v o lv e d .  A g r e a t  r e d u c t i o n  o f  s e e d l i n g s  and a n n u a l  s p e c i e s  was 
n o te d ,  a s  w e l l  a s  a v a r i e d  s u s c e p t i b i l i t y  among p e r e n n i a l s .  C h ro n ic  
p o l l u t i o n  may c o m p le te ly  e l i m i n a t e  v e g e t a t i o n .  A r e d u c t i o n  i n  g e rm in a ­
t i o n  o f  Suaeda m a r i t im a  and S a l i c o r n i a  s p .  was n o te d  i n  a r e a s  e x p e r i ­
m e n ta l l y  t r e a t e d  w i th  Kuwait c ru d e  o i l .  T h is  c o u ld  have  been  a  r e s u l t  
o f  o i l  p e n e t r a t i o n  k i l l i n g  th e  embryos o r  i n t e r f e r e n c e  w i th  w a te r  and  
oxygen  t r a n s p o r t a t i o n  due to  o i l  c o a t i n g .
S te b b in g s  (1970) made o b s e r v a t i o n s  i n  s e v e r a l  s a l t  m arshes  
im m e d ia te ly  a f t e r  t h e  T o r re y  Canyon i n c i d e n t  and a g a i n  a f t e r  16 m onths .  
D uring  t h e  l a t t e r  p e r i o d ,  many p o o l s  o f  o i l  s l i g h t l y  t h i c k e n e d ,  b u t  
l i q u i d ,  w ere p r e s e n t  i n  th e  p o l l u t e d  a r e a s  d e s p i t e  c o n t i n u a l  t i d a l  su b ­
m ergence .  S o i l s ,  f o rm e r ly  w h i te  k a o l i n i t e s ,  w ere d a rk  and e x t re m e ly  
s u l f u r o u s . E x am in a t io n  o f  S p a r t i n a  m a r i t im a  c l o n e s  i n  a  sandy  m arsh 
r e v e a l e d  a  t h i c k  o i l y  band d e v o id  o f  l i v i n g  r o o t s .  A lthough  many 
p l a n t s  seemed to  be  v i a b l e  and r e s i s t a n t  t o  o i l ,  m ost s p e c i e s  showed 
a t  l e a s t  some g row th  i n h i b i t i o n  o r  c h l o r o t i c  a p p e a r a n c e .  P l a n t s
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grow ing  i n  o i l e d  s o i l s  w ere  exam ined f o r  r o o t  s t r u c t u r e .  A lth o u g h  
l a r g e  r o o t s  p e n e t r a t e d  th ro u g h  o i l - b e a r i n g  z o n e s ,  no b r a n c h in g  was 
n o te d ,  n o r  d i d  a d v e n t i t i o u s  o r  f i b r o u s  r o o t s  o c c u r  i n  t h i s  zone .
C ow ell (1971a) d e m o n s t r a te d  t h a t  damage t o  s a l t  m arsh es  d u r in g  
a  w i n t e r  s p i l l  was l e s s  s e v e r e  th a n  i n  s p r i n g  o r  e a r l y  summer. Cowell 
(1971b) s t r e s s e d  t h e  im p o r ta n c e  o f  s tu d y in g  c h r o n ic  p o l l u t i o n  o f  e s -  
t u a r i n e  a r e a s .  Two ty p e s  o f  c h r o n ic  p o l l u t i o n  w ere d i s c u s s e d .  One 
o c c u r s  w here q u a n t i t i e s  o f  p o l l u t a n t s  a r e  fo l lo w e d  by r e c o v e r y  p e r io d s  
w hich  a r e  to o  s h o r t  t o  a l lo w  f o r  r e - e s t a b l i s h m e n t  o f  p r e - p o l l u t i o n  
p o p u l a t i o n s .  The seco n d  ty p e  o f  c h r o n ic  p o l l u t i o n  i s  p ro d u c e d  by con ­
t i n u e d  i n f u s i o n  o f  low l e v e l s  o f  p o l l u t a n t s  i n  th e  e n v i ro n m e n t .  Re­
c o v e ry  may r e s u l t  i n  b o th  s i t u a t i o n s  o n ly  a f t e r  t h e  s o u rc e  o f  p o l l u t i o n  
i s  rem oved. R e f in e r y  e f f l u e n t s  a t  Southam pton W aters  had k i l l e d  S p a r -  
t i n a  t o w n s e n d i i , t h u s  b r i n g i n g  a b o u t  an  a lm o s t  c o m p le te  c o l l a p s e  o f  
t h e  e c o s y s te m .
Baker (1973) s t a t e d  t h a t  r e f i n e r y  e f f l u e n t s  c o n t r i b u t e  ro u g h ly  
300 ,000  t o n s  o f  o i l  p e r  y e a r  t o  th e  m a r in e  e n v i ro n m e n t .  The b i o l o g i ­
c a l  c o n se q u e n c e s  o f  l o w - l e v e l  c o n c e n t r a t i o n s  a r e  n o t  w e l l  known.
Marsh v e g e t a t i o n  S p a r t i n a  a n g l i c a  and P h ra g m ite s  communis w ere v e ry  
s u s c e p t i b l e  t o  o i l  b e c a u s e  t h e s e  p l a n t s  " t r a p "  o i l ,  t h a t  i s ,  o i l  p h y s i ­
c a l l y  a d h e r e s  to  th e  p l a n t .  Crude o i l  was shown to  be more t o x i c  to  
o rg a n is m s  a t  th e  e x t re m e s  o f  t h e i r  s a l i n i t y  t o l e r a n c e  r a n g e .  U ndi­
l u t e d  r e f i n e r y  e f f l u e n t s  th o u g h  t o x i c  i n  th e  lo n g  te rm ,  a r e  n o t  
u s u a l l y  a c u t e l y  t o x i c .  S u b l e t h a l  e f f e c t s ,  such  a s  ch an g es  i n  m e ta ­
b o l i c  r a t e  and  b e h a v i o r ,  o v e r  a  lo n g  p e r i o d  may e x p l a i n  p o p u la t i o n  
changes  i n  a r e a s  n e a r  e f f l u e n t  d i s c h a r g e s .
The e x t a n t  l i t e r a t u r e  p r e s e n t s  a v a s t  d o c u m e n ta t io n  o f  th e
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d i r e c t  e f f e c t s  o f  o i l  s p i l l e d  i n  t h e  e n v i ro n m e n t .  However, more 
r e c e n t l y ,  s u g g e s t i o n s  o f  t h e s e  s u b l e t h a l  e f f e c t s  have b e e n  g iv e n  more 
s e r i o u s  c o n s i d e r a t i o n .  M ironov (1968) p o i n t e d  o u t  t h a t  th e  s e n s i t i v i t y  
o f  eggs  and l a r v a l  form s was much g r e a t e r  th a n  th e  a d u l t  c o u n t e r p a r t s ,  
on w hich  m ost t o x i c i t y  s t u d i e s  a r e  p e r fo rm e d .  D av is  (1971) r e p o r t e d  
th e  d e l e t e r i o u s  e f f e c t s  o f  p o l l u t a n t s  on  t h e  r e p r o d u c t i o n  o f  m arine  
a n im a ls .
Blumer (1973) i l l u s t r a t e d  a n o th e r  s u b t l e  i m p l i c a t i o n  o f  th e  
t o x i c i t y  o f  c ru d e  o i l .  He d e m o n s t r a te d  t h a t  c ru d e  o i l  a t  c o n c e n t r a ­
t i o n s  o f  1 :1 0 0 ,0 0 0  c o u ld  s i g n i f i c a n t l y  m odify  t h e  f e e d in g  h a b i t s  and 
b e h a v io r  o f  th e  l o b s t e r ,  Homarus a m e r ic a n u s . I t  h a s  been  f u r t h e r  su g ­
g e s t e d  t h a t  c ru d e  o i l  m ig h t i n t e r f e r e  w i th  t h e  c h e m o ta c t ic  f e e d in g  and  
m a tin g  r e s p o n s e s  o f  many o rg an ism s  (T ak ah ash i  and  K i t t r e d g e ,  1 9 7 3 ) .
Dean (1968) s t a t e d :  "As f a r  a s  I  know, no 3 -4  b e n zp y re n e  has
been  d e t e c t e d  i n  any  c ru d e  o i l . "  T h is  s t a t e m e n t  i l l u s t r a t e s  y e t  an ­
o t h e r  s u b t l e  e f f e c t  o f  c ru d e  o i l ,  e . g . ,  i t s  c a r c in o g e n ic  p o t e n t i a l .  
Blumer (1971) c i t e d  a lk y lb e n z a n th r a c e n e  and 1 ,2  b e n z a n th ra c e n e  a s  s i g ­
n i f i c a n t  c a r c in o g e n s  c o n t a in e d  i n  c ru d e  o i l .  In  a d d i t i o n ,  th e  m u l t i -  
n u c l e a r  a r o m a t ic  c o n t e n t  o f  t h e  f r a c t i o n  o f  c ru d e  o i l  b o i l i n g  o v e r  
390 C s u g g e s t s  p o t e n t i a l  d a n g e r s .  E h r h a r d t  (1972) and Blumer e t  a l .  
(1970) have  a l s o  d e m o n s t r a te d  t h a t  t h e s e  h i g h - b o i l i n g  compounds a r e  
p a r t  o f  th e  f r a c t i o n  w hich  i s  r e a d i l y  a b s o rb e d  and i n c o r p o r a t e d  i n t o  
t h e  body f a t s  o f  o y s t e r s .
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E f f e c t  o f  Crude O i l  on  th e  M ic r o b ia l  E cosystem
The a b i l i t y  o f  m ic ro o rg a n ism s  t o  d e g ra d e  p e t ro le u m  and  p e t r o ­
leum p r o d u c t s  h as  b e e n  w e l l  known f o r  o v e r  50 y e a r s .  However, th e  
e f f e c t  o f  c r u d e  o i l  i n t r u s i o n  on m i c r o b i a l  e c o lo g y  h as  r e c e i v e d  o n ly  
s l i g h t  a t t e n t i o n .
Baldw in  (1922) n o te d  i n c r e a s e s  i n  t o t a l  h e t e r o t r o p h i c  b a c t e r i a l  
p o p u l a t i o n s  i n  s o i l  from  a c o rn  f i e l d  t r e a t e d  w i th  p e t ro l e u m .  The 
p r o d u c t i o n  o f  n i t r a t e  was d e c r e a s e d  i n  p r o p o r t i o n  to  t h e  amount o f  o i l .  
A d e c r e a s e  i n  s p e c i e s  d i v e r s i t y  was a l s o  o b se rv e d  w i th  th e  a d d i t i o n  o f  
c ru d e  p e t ro le u m ,  a l th o u g h  p e t ro le u m  a p p l i c a t i o n  seemed t o  have  l i t t l e  
e f f e c t  on th e  numbers o f  a n a e r o b e s .  N i t r i f i c a t i o n  was a l s o  i n h i b i t e d  
by  c ru d e  o i l ,  b u t  th e  r e t a r d a t i o n  a p p e a re d  to  be  overcom e a f t e r  a 
p e r i o d  o f  60 d a y s .  Ammonia p r o d u c t i o n  was lo w ered  o n ly  s l i g h t l y .  The 
m i n e r a l i z a t i o n  a c t i v i t y  was a r e f l e c t i o n  o f  f u n g a l  a c t i v i t y .  Mold 
grow th  was l i t t l e  a f f e c t e d  by c ru d e  o i l  and  th e  ty p e s  o f  b a c t e r i a  
f a v o re d  by c ru d e  o i l  were n o t  a b l e  to  form ammonia from o r g a n ic  com­
pounds .
In  a  s tu d y  o f  t h e  y e a s t  e c o lo g y  o f  an  a s p h a l t  r e f i n e r y  and i t s  
w a te r s h e d ,  T u rn e r  and  A hearn (1970) d e t e c t e d  s e v e r a l  o i l - i n d u c e d  
c h a n g e s .  An i n c r e a s e  i n  t o t a l  m i c r o b i a l  b iom ass  was n o te d  o v e r  co n ­
t r o l ,  n o n - o i l e d  a r e a s .  In  a d d i t i o n ,  l o c a l i t i e s  w i th  v i s i b l e  h y d ro ­
c a rb o n  c o n ta m in a t io n  had y e a s t  p o p u la t i o n s ,  l a r g e l y  composed o f  C andida  
t r o p i c a l i s , C_. l i p o l y t i c a , C_. g u i l l i e r m o n d i i , and T r ic h o s p o ro n  c a p i ­
t a  turn. In  a r e a s  w here h y d ro c a rb o n s  had been  c o n s i d e r a b l y  d i l u t e d ,  
A ureobas id ium  p u l l u l a n s  and R h o d o sp o r id iu m -R h o d o to ru la  sp p .  p red o m i­
n a te d  .
A hearn and Meyers (1972) n o te d  a s low  i n c r e a s e  i n  y e a s t
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p o p u la t io n s  o f  m arsh  p l o t s  fo l lo w in g  o i l  t r e a tm e n t .  T here  was a  con ­
c u r r e n t  s h i f t  i n  s p e c ie s  d e n s i t y  from  a  sp o ro g en o u s  p o p u la t io n  dom i­
n a te d  by P ic h ia  and  K luyverom yces to  an  a sp o ro g en o u s  p o p u la t io n ,  w ith  
R h o d o to ru la  and  T r ic h o s p o ro n  b e in g  d o m in a n t.
In  p re v io u s  w ork in v o lv in g  s tu d i e s  o f  a  l a r g e  o f f s h o r e  o i l  
s p i l l ,  Crow (1971) n o te d  a  s i m i l a r  e n r ic h m e n t o f  t o t a l  y e a s t  p o p u la ­
t i o n s  and  a s h i f t  to w ard  R h o d o to ru la -R h o d o sp o rid iu m  com plex .
K incannon (1972) r e p o r te d  o n ly  s l i g h t  ch an g es  i n  m ic r o b ia l  
p o p u la t io n s  o v e r  an  8 -m onth  p e r io d  when c ru d e  o i l  was added  t o  s o i l .  
F la v o b a c te r iu m , N o c a rd ia , P seudom onas, and A r th r o b a c te r  w ere th e  p ro m i­
n e n t  m ic r o b ia l  g e n e ra  fo u n d . Some e v id e n c e  o f  e c o lo g ic a l  s u c c e s s io n  
was n o te d .  D uring  th e  l a s t  n in e  m onths o f  th e  s tu d y ,  C o ry n e b a c te riu m  
in c re a s e d  i n  p rom inence  w h ile  A r th r o b a c te r  was seldom  p ro m in e n t.
D uring  t h i s  tim e  y e a s t s  w ere p re d o m in a n t in  s e v e r a l  s a m p le s . In  
l a b o r a to r y  s t u d i e s ,  th e  a d d i t i o n  o f  o i l  to  n u t r i e n t  a g a r  lo w e re d  th e  
t o t a l  d e v e lo p in g  p o p u la t io n s .
M eyers e t  a l .  (1973) o b s e rv e d  a m ic r o b ia l  s u c c e s s io n  tow ard  
s p e c ie s  o f  h y d r o c a r b o n o c la s t ic  y e a s t s  i n  e x p e r im e n ta l ly  o i l - t r e a t e d  
p l o t s .  The in d ig e n o u s  y e a s t  f l o r a  o f  th e  m arsh  was u n a b le  to  d e g ra d e  
c ru d e  o i l  to  any s i g n i f i c a n t  e x t e n t .
C obet and G uard (1 9 7 3 ), in  exam in ing  b each  m ic r o f lo r a  fo l lo w ­
in g  c o n ta m in a tio n  by b u n k e r f u e l ,  found  no g r e a t  change  in  th e  m ic ro ­
b i a l  com m un ities  a f t e r  o i l  i n t r u s i o n .  T h ere  was no s i g n i f i c a n t  change 
in  d i v e r s i t y  o f  b a c t e r i a l  g e n e ra  w ith  tim e o r  d e p th ,  w ith  m a jo r popu­
l a t i o n s  o f  A ch ro m o b ac te r , A lc a l ig e n e s , M o ra x e l la , and Pseudom onas 
n o te d  th ro u g h o u t th e  s tu d y .
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In  a d d i t i o n  to  th e  above e n v iro n m e n ta l r e s p o n s e ,  c ru d e  o i l  has  
b een  shown t o  b e  t o x i c ,  o r  a t  l e a s t  i n h i b i t o r y  t o  a  number o f  m ic ro ­
o rg a n ism s  ( B e e r s te c h e r ,  1 9 5 4 ) . W alsh and  M itc h e l l  (1973) and  Young 
and  M i tc h e l l  (1973) showed i n h i b i t i o n  o f  b a c t e r i a l  c h e m o re c e p tio n  by a  
number o f  p u r i f i e d  h y d ro c a rb o n s  and c ru d e  o i l . M o ti le  b a c t e r i a  a r e  
c a p a b le  o f  m oving i n  a  non-random  f a s h io n  to  s u i t a b l e  g ro w th  s u b s t r a t e s .  
V a r io u s  h y d ro c a rb o n s  and h a lo g e n a te d  h y d ro c a rb o n s  in d u c e d  random m o tio n  
even  i n  th e  p r e s e n c e  o f  i n t e n s e  a t t r a c t a n t s .  The im p o rta n c e  o f  chemo­
r e c e p t io n  i n  th e  m ic r o b ia l  c h e m is try  o f  th e  e c o s p h e re  i s  n o t  c l e a r l y  
e s t a b l i s h e d  a t  p r e s e n t ,  b u t  t h i s  i s  a  s u b j e c t  o f  em erg ing  im p o rta n c e .
As th e  com plex  m echanism s o f  en e rg y  t r a n s f e r  and  th e  im p o rta n c e  o f  
m icro o rg an ism !, to  th e s e  p ro c e s s e s  a r e  f u r t h e r  e l u c id a t e d ,  th e  r o l e  o f  
c h e m o re c e p tio n  w i l l  be  o b v io u s .
M ic r o b io lo g ic a l  A sp e c ts  o f  H ydrocarbon  D e g ra d a tio n
H y d ro c a rb o n -U ti l iz in g  O rganism s
The a b i l i t y  o f  m ic ro o rg a n ism s  to  grow on  h y d ro c a rb o n s  was f i r s t  
e s t a b l i s h e d  by  M iy o sh i (1895) who o b se rv e d  g row th  o f  th e  fu n g u s ,
B o t r y t i s  c i n e r a , on p a r a f f i n .  In  a s e r i e s  o f  a r t i c l e s  b e g in n in g  in  
1906 , Sohngen f i r m ly  e s t a b l i s h e d  th e  f i e l d  o f  h y d ro c a rb o n  m ic ro b io lo g y  
by  e x p lo r in g  th e  a b i l i t y  o f  m ic ro o rg a n ism s  to  u t i l i z e  v a r io u s  h y d ro ­
c a rb o n s  in c lu d in g  k e ro s e n e ,  g a s o l i n e ,  and  R u ss ia n  and  A m erican c ru d e
o i l .
M oreo v er, th e  a b i l i t y  to  u t i l i z e  h y d ro c a rb o n s  a p p e a rs  to  be 
w id e sp re a d  among m ic ro o rg a n is m s . More th a n  200 s p e c ie s  o f  b a c t e r i a ,  
y e a s t s ,  and f i la m e n to u s  fu n g i a r e  a b le  to  d e g ra d e  o r  m e ta b o liz e  a
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d i v e r s i t y  o f  h y d ro c a rb o n s . S ev en ty  g e n e ra  o f  o rg a n ism s  c o m p ris in g  28 
b a c t e r i a ,  30 f i la m e n to u s  f u n g i ,  and  12 y e a s t s  have  b een  shown t o  u t i ­
l i z e  h y d ro c a rb o n s  (Z o B e ll, 1 9 7 3 a ) . To s im p l i f y  th e  fo llo w in g  re v ie w , 
i n i t i a l  r e f e r e n c e s  w i l l  b e  g ro u p ed  a s  t o  ty p e  o f  o rg a n ism , i . e . ,  b a c ­
t e r i a ,  y e a s t ,  f i la m e n to u s  f u n g i ,  d e s c r ib e d  by th e  a u th o r .
Y e a s ts . — T ausson  (1939) r e p o r te d  u t i l i z a t i o n  o f  h y d ro c a rb o n s
by a  num ber o f  y e a s t  and  y e a s t - l i k e  fu n g i  in c lu d in g  th o s e  o f  g e n e ra
D ebaryom yces, Endom yces, H a n se n u la , T o r u lo p s i s , and M o n i l ia .
Komagata e t  a l .  (1964) showed t h a t  56 o f  498 y e a s t  s t r a i n s
c o u ld  u s e  k e ro s e n e  a s  a  s o le  s o u rc e  o f  c a rb o n  and  e n e rg y . M ost o f  th e
y e a s t s  w ere  members o f  th e  g en u s  C andida b u t  r e p r e s e n t a t i v e  s t r a i n s  o f
R h o d o to ru la  and  H ansenu la  a l s o  e x h ib i te d  h y d r o c a r b o n o c la s t ic  a c t i v i t y .
M arkovetz  and K a l l io  (1964) d e m o n s tra te d  g ro w th  o f  s e v e r a l
s t r a i n s  o f  R h o d o to ru la , T r ic h o sp o ro n  and C a n d id a , w hich  w ere a b le  to
a s s i m i l a t e  v a r io u s  h y d ro c a rb o n s  o f  c h a in  le n g th  C .,„ -C ,„ . C andidaXO Xo ——— ———
l i p o l y t i c a  and £ .  p u le h e r r im a  u t i l i z e d  a l l  even-num bered  c h a in  1 -
a lk e n e s  Clrt-C a s  w e l l  a s  a l l  even-num bered  a lk a n e s .  M i l l e r  e t  a l .
XO Xo
(1964) showed t h a t  g ro w th  o f  an  i s o l a t e  s i m i l a r  to  C and ida  in te rm e d ia  
was g r e a t e r  w ith  in c r e a s e d  c h a in  le n g th  from  C -C .
± Z  Xo
Scheda and  Bos (1966) t e s t e d  1200 y e a s t  s t r a i n s  f o r  g row th  on 
n -h e x a d e c a n e , rv-decane and  k e ro s e n e .  Some R h o d o to ru la  s p e c ie s  u t i l i z e d  
a l l  h y d ro c a rb o n s  t e s t e d ,  b u t  g ro w th  was c o m p a ra tiv e ly  s lo w . Many 
s t r a i n s  o f  P i c h i a , D ebaryom yces, C andida and T o ru lo p s is  grew  w e ll  on 
a l l  h y d ro c a rb o n  s u b s t r a t e s .
O tsuka  e t  a l .  (1966) exam ined th e  g row th  o f  10 h y d ro ca rb o n o ­
c l a s t i c  s t r a i n s  o f  C a n d id a . A s t r a i n  o f  Ĉ . t r o p i c a l  i s  grew  b e t t e r  on
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k e ro s e n e  th a n  o th e r  i s o l a t e s  s tu d i e d .  B oth C. t r o p i c a l i s  and C.
c lo a c a e  s t r a i n s  a s s im i l a t e d  num erous p u re  h y d ro c a rb o n s  from  C ,„ - C ,„ .    10 16
C e l l  y i e ld s  in c r e a s e d  to  a  maximum a t  15% l i g h t  o i l .
Klug and M arkovetz  (1967a) i n v e s t i g a t e d  h y d ro c a rb o n  a s s i m i l a ­
t i o n  by a  number o f  s p e c ie s  o f  C a n d id a . A h ig h  p e rc e n ta g e  o f  th e
s t r a i n s  exam ined o x id iz e d  many o f  th e  n - a lk a n e s  i n  th e  C -C s e r i e s .— 9 18
G row th on e v e n -c h a in e d  1 -a lk e n e  s e r i e s  C, -C n_ was r e s t r i c t e d  to  a
1 0  l o
much low er p e rc e n ta g e  o f  th e  s t r a i n s .  Klug and  M arkovetz  (1967b) e x ­
t e n s i v e l y  s tu d ie d  th e  g ro w th  o f  Ca n d id a  l i p o l y t i c a  (ATCC 8661) i n  
m in e ra l  s a l t s - h y d r o c a r b o n  medium. The c o n v e r s io n  o f  n - a lk a n e s  and 
c o r re s p o n d in g  1 -a lk e n e s  to  f a t t y  a c id  and a lc o h o l s  o f  th e  same c h a in  
le n g th  was o b se rv e d  f o r  a number o f  h y d ro c a rb o n s  from  c h a in  le n g th
C -C 
14 1 8 ’
H ydrocarbon a s s i m i l a t i o n  by 66 y e a s t s  w i th in  16 g e n e ra  was 
t e s t e d  by Lowery e t  a l .  (1 9 6 8 ). O nly 11 o rg a n ism s  grew  on rv -a lk a n e s , 
m o s tly  members o f  C a n d id a , R h o d o to ru la  and D ebaryom yces. None o f  th e  
y e a s t s  t e s t e d  w ere a b le  t o  a s s i m i l a t e  a lk a n e s  s h o r t e r  th a n  e i g h t  c a r ­
b o n s . S e v e ra l  y e a s t s  d e v e lo p e d  on 2 -h ex an o n e  and 2 -h e p ta n o n e  b u t  none 
grew  on k e to n e s  o f  c h a in  le n g th  g r e a t e r  th a n
A ida and Yamaguchi (1969) n o te d  t h a t  g row th  o f  M y co to ru la  
ja p o n ic a  was im proved by d i a l y s i s  c u l t u r e .  A v e s s e l  w ith  two c o m p art­
m ents s e p a ra te d  by a c e l l u l o s e  d i a l y s i s  m em brane, p e rm i t te d  r e p l e n i s h ­
m ent o f  n u t r i e n t s  and rem oval o f  t o x i c  p ro d u c ts  from  th e  g row th  com­
p a r tm e n t.  The d i a ly z a b l e  m a te r i a l  d e p re s s e d  th e  g row th  o f  th e  o rg a ­
n ism  on k e ro se n e  medium b u t  n o t  on g lu c o s e .  The f r e e  f a t t y  a c i d ,  
l a u r i c  a c i d ,  was r e s p o n s ib le  f o r  i n h i b i t i o n  on n -h e x a d e c a n e .
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The o x id a t io n  o f  p - c r e s o l ,  a  p h e n o l ic  s u b s t r a t e ,  by y e a s t  was 
d e m o n s tra te d  by  H ashim oto (1 9 7 0 ). The enzyme sy stem  f o r  p - c r e s o l  
m e ta b o lism  was fo rm ed  when th e  fu n g u s  was in c u b a te d  w ith  p h e n o l. The 
o rg an ism  p ro d u ced  a  p r o d u c t ,  th e  s t r u c t u r e  o f  w h ich  c o u ld  n o t
be  c o m p le te ly  e l u c id a t e d  from  th e  c le a v a g e  o f  th e  b en zen e  r i n g .
I i d a  and  I iz u k a  (1970) s tu d ie d  th e  a n a e ro b ic  c o n v e rs io n  o f  1 -  
d ece n e  to  r i-d e c y l a lc o h o l  and  d e c a n o ic  a c i d .  R e s tin g  c e l l s  o f  C andida 
ru g o sa  form ed 2 -3  t im e s  a s  much d e c y l  a lc o h o l  u n d e r a n a e ro b ic  c o n d i­
t i o n s ,  s t r o n g ly  s u g g e s t in g  a n  i n i t i a l  h y d ro g e n a t io n  r a t h e r  th a n  a 
d i r e c t  i n c o r p o r a t io n  o f  m o le c u la r  oxygen  i n  t h i s  a n a e ro b ic  h y d ro ca rb o n  
d e g ra d a t io n  schem e.
B arua e t  a l .  (1970) n o te d  u t i l i z a t i o n  o f  p a r a f f i n s  by T r ic h o -  
sp o ro n  p u l l u l a n s . A s s im i la t io n  o f  s h o r t e r  a lk a n e s  Ci2^  was
m ore r a p id  th a n  lo n g e r  c h a in  a s s i m i l a t i o n  on m ixed h y d ro c a rb o n  sub ­
s t r a t e s .  L a rg e r  c h a i n s ,  how ever, showed in c r e a s e d  breakdow n r a t e s ,  
s u g g e s t in g  t h a t  i n d u c ib le  enzym es may f u n c t io n  in  t h i s  c o n v e r s io n .  T_. 
p u l l u l a n s  e x h ib i t e d  no g ro w th  on  th e  is o a lk a n e  f r a c t i o n  o f  g as  o i l .
F ila m e n to u s  F u n g i . — I n i t i a l  o b s e r v a t io n s  on h y d r o c a r b o n c la s t ic  
a c t i v i t y  o c c u r re d  w ith  th e  f i la m e n to u s  fu n g i  (M iy o sh i, 1 8 9 5 ). T ausson  
(1925) d e m o n s tra te d  th e  a b i l i t y  o f  A s p e r g i l lu s  n ig e r  to  m a in ta in  i t ­
s e l f  on  p a r a f f i n  wax. H opkins and  C h ib n a l l  (1932) d e s c r ib e d  g row th  o f  
an  o rg an ism  re s e m b lin g  A s p e r g i l lu s  v e r s i c o l o r  w h ich  was a b le  to  u se  
b o th  odd and  even  num bered p a r a f f i n s  to 34 70
P r in c e  (1961) r e p o r te d  t h a t  th e  f i la m e n to u s  fu n g u s  C lad o sp o riu m  
c o u ld  grow on j e t  f u e l .  K ry n its k y  and M cLaren (1962) n o te d  s im i la r  
o b s e r v a t io n s  w ith  th e  fu n g u s , Hormodendrum. Hormodendrurn i s  now
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c o n s id e re d  a s  synonymous w ith  C lad o sp o riu m  by  ta x o n o m is ts .  The genus 
C la d o sp o riu m , due to  i t s  e x te n s iv e  o c c u r re n c e  and i t s  i s o l a t i o n  from  
j e t  f u e l  t a n k s ,  i s  p ro b a b ly  th e  m ost e x t e n s iv e ly  s tu d ie d  o f  th e  h y d ro ­
c a r b o n - u t i l i z i n g  f i la m e n to u s  f u n g i .
K e s te r  (1961) u sed  n - t r i d e c a n e  a s  a  s o le  so u rc e  o f  ca rb o n  f o r  
g ro w th  o f  A s p e r g i l l u s  a l l i a c e u s , C ep h a lo sp o riu m  ro seu m , C o l le to t r ic h u m  
a l t r a m e n ta r iu m , Acremonium p a t r o n i i , F u sa riu m  b a lb ig en u m  and M o n ilia  
b o n o r d e n i i .
T h re e  s p e c ie s  o f  F u sa riu m  w ere a b le  to  grow on v a r io u s  n_- 
a lk a n e s  C ^ ,  C2Q, C2 2 , C2 3 , C2 g , C32 (K rause and L ange, 1 9 6 5 ) . In  
a d d i t i o n ,  i t  was n o te d  t h a t  1 -o c ta d e c e n e  and s q u a le n e  a l s o  c o u ld  be 
u t i l i z e d  by th e  t h r e e  o rg a n ism s .
Nyns e t  a l .  (1968) s t a t e d  t h a t  u t i l i z a t i o n  o f  h y d ro c a rb o n s  was 
a p r o p e r ty  fou n d  m a in ly  i n  th e  two o r d e r s ,  M u co ra le s  and M o n i l i a le s .  
G enera in v o lv e d  in c lu d e d  s t r a i n s  o f  F u sa r iu m , P e n ic i l l i u m , P a e c ilo m y c e s , 
C h lo r id iu m , O id io d e n d ro n , and  S c o le c o b a s id iu m . S e v e ra l  s t r a i n s  o f  
P e n ic i l l iu m  grew  w e l l  i n  th e  p re s e n c e  o f  num erous p u re  h y d ro c a rb o n s , 
p e tro le u m  f r a c t i o n s ,  and to lu e n e .
Lowery e t  a l .  (1968) r e p o r te d  u t i l i z a t i o n  o f  h y d ro c a rb o n s  by 
o rg a n ism s  o f  th e  fo l lo w in g  g e n e ra :  As p e r g i l l u s , C ep h a lo sp o riu m ,
Dematium, E picoccum , F u sa r iu m , G lio c la d iu m , G raphium , M ucor, P a e c i lo ­
myces , P e n i c i l l i u m , and  T r ic h o d e rm a . The m a jo r i ty  o f  th e s e  o rg a n ism s  
grew  w e l l  on c ^q _ C 2 5  normal  h y d ro c a rb o n s , b u t  e x h ib i te d  no g row th  on 
C and  s h o r t e r  c h a in s .  M e th y l-k e to n e s  f a i l e d  to  s u p p o r t  g ro w th  o f
O
m ost o f  th e  fu n g i t e s t e d .
M arkovetz  e t  a l .  (1968) d e s c r ib e d  g ro w th  o f  a  g ro u p  o f
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f i la m e n to u s  fu n g i  on s e l e c t e d  r r -a lk a n e s  and  1 - a lk e n e s .  S t r a i n s  o f
Cunningharoe1l a  grew  w e l l  on  a l l  even  a lk a n e s  C -C and  on even  1 -
XO X o
a lk e n e s  o f  12 c a rb o n s  and  g r e a t e r .  S t r a i n s  o f  F u sa r iu m , C e p h a lo sp o riu m , 
and  S p ic a r i a  e x h ib i te d  good g ro w th  on many o f  th e  p u re  compounds 
t e s t e d .
C e r n i g l i a  and  P e r ry  (1972) d e m o n s tra te d  g ro w th  o f  a  s t r a i n  o f  
C unn in g h am ella  e le g a n s  and a  P e n ic i l l iu m  s p .  on a  w ide ra n g e  o f  h y d ro ­
c a rb o n s .  P a r a f f i n i c  c ru d e  o i l  d e g r a d a t io n  was e s s e n t i a l l y  co m p le te  
(90%), w hereas a s p h a l t i c  c ru d e  was o n ly  d e g ra d e d  to  a b o u t 40% d u r in g  
g ro w th .
C ofone e t  a l .  (1973) exam ined a  s t r a i n  o f  C lad o sp o riu m  r e s i n a e
f o r  i t s  h y d r o c a r b o n o c la s t ic  a c t i v i t y .  n -A lk a n e s  from  C -C gave  good—" y xy
g ro w th , fo llo w e d  by a d e c r e a s e  in  pH. No g ro w th  was o b se rv e d  on 
g a se o u s  h y d ro c a rb o n s  o r  on p a r a f f i n  o i l  c o n ta in in g  n - a lk a n e s  from  
C -C . A lkenes su p p o r te d  low er g row th  r a t e s  th a n  d id  c o r re s p o n d in g  
a lk a n e s .  S hak ing  c u l t u r e s  gave v a r i a b l e  r e s u l t s .
B a c t e r i a . — Z oB ell (1946) l i s t s  th e  fo l lo w in g  b a c t e r i a  a s  known 
h y d ro c a rb o n  u t i l i z e r s :  14 s p e c ie s  o f  A c tin o m y c e s , 13 Pseudom onas, 10
P ro a c tin o m y c e s , 10 M yco b ac te riu m , 5 C o ry n e b a c te r iu m , 3 V ib r io , 2 A chro - 
m o b a c te riu m , and one o r  more s t r a i n s  o f  D e s u l f o v ib r io , E s c h e r i c h i a , 
G a f fk y a , S e r r a t i a , and  S p i r i l l u m . The a c c u m u la tio n  o f  d a ta  on 
h y d r o c a r b o n - u t i l i z in g  b a c t e r i a  i s  e x t e n s iv e .  M ost o f  t h i s  m a te r i a l  
w i l l  b e  rev ie w e d  i n  th e  ec o lo g y  o f  h y d ro c a rb o n  u t i l i z e r s  and o n ly  th e  
r e f e r e n c e s  c o n s id e re d  m ost p e r t i n e n t  to  f u r t h e r  d i s c u s s io n  have b een  
in c lu d e d .
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Sohngen (1913) d e m o n s tra te d  t h a t  s e v e r a l  m y c o b a c te r ia  and  
pseudom onads u t i l i z e d  v a r io u s  h y d ro c a rb o n s , su c h  a s  p a r a f f i n ,  g a s o l i n e ,  
and  p e tro le u m  a s  a  s o le  s o u rc e  o f  c a rb o n  and  e n e rg y . The s u b s t r a t e s  
w ere o x id iz e d  to  c a rb o n  d io x id e  and w a te r  ( m in e r a l i z a t io n )  and  t r a c e s  
o f  o rg a n ic  a c i d s .
T ausz and P e te r  (1919) d e s c r ib e d  s e v e r a l  o rg a n ism s  c a p a b le  o f  
a t t a c k i n g  p a r a f f i n  h y d ro c a rb o n s , in c lu d in g  n -h e x a n e , rv -o c ta n e , d i -  
m e th y l-o c ta n e ,  ii-h e x a d e c a n e , t r i a c o n t a n e  and  t e t r a t r i a c o n t a n e .  T hese 
b a c t e r i a ,  p ro b a b ly  o f  th e  gen u s P seudom onas, w ere i n a c t i v e  on c y c l i c  
h y d ro c a rb o n s  su ch  a s  c y c lo h e x a n e  and  d im e th y lc y c lo h e x a n e .
G ray and  T h o rn to n  (1928) i s o l a t e d  r e p r e s e n t a t i v e s  o f  M icro ­
c o c c u s  , M ycobacterium , B a c te r iu m , B a c i l l u s  and S p i r i l lu m  c a p a b le  o f  
d e g ra d in g  v a r io u s  a ro m a tic  com pounds. I s o l a t e s  d e m o n s tra te d  th e  
a b i l i t y  to  u t i l i z e  n a p h th a le n e ,  t o lu e n e ,  c r e s o l ,  and  p h e n o l.
B u sh n e ll  and Haas (1941) d e m o n s tra te d  g ro w th  o f  c u l t u r e s  o f  
C o ry n eb ac te riu m  s im p le x , and  t h r e e  u n i d e n t i f i e d  s p e c ie s  o f  th e  genus 
i n  a m in e ra l  s a l t  medium w ith  s o l i d  p a r a f f i n  o r  l i g h t  o i l  a s  a c a rb o n  
s o u rc e .  £ .  s im p le x  a l s o  was a b le  to  u t i l i z e  k e ro s e n e  f o r  g ro w th .
S to ck  c u l t u r e s  o f  v a r io u s  Pseudom onas s p e c ie s  a l s o  w ere  t e s t e d  f o r  
t h e i r  a b i l i t y  t o  u t i l i z e  k e ro s e n e .  The m a jo r i ty  o f  th e  c u l t u r e s  ex ­
h i b i t e d  good g ro w th  on  k e ro s e n e .  C u l tu r e s  o f  M ycobacterium  p h l e i , M. 
le p r a e  and M. sm egm atis grew  i n  m in e ra l  s a l t s  medium w ith  p a r a f f i n  o r  
k e ro se n e  a s  s u b s t r a t e s .  C u l tu r e s  o f  P r o t e u s , how ever, f a i l e d  to  grow 
u n d e r s im i la r  c o n d i t i o n s .
S to n e  e t  a l .  (1942) t e s t e d  th e  o x id a t io n  o f  v a r io u s  o i l s  by a 
m ixed p o p u la t io n .  In  ex am in in g  o rg a n ism s  g row ing  on c ru d e  o i l ,  a
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p re p o n d e ra n c e  o f  pseudom onads was n o te d .  P u re  c u l t u r e  s t u d i e s  o f  250 
r e p r e s e n t a t i v e  i s o l a t e s  f a i l e d  t o  show c o r r e l a t i o n  be tw een  p a r t i c u l a r  
b io c h e m ic a l m o rp h o lo g ic a l t r a i t s  and  g ro w th  on any  o i l  o r  o i l  f r a c t i o n .  
U n ic lo n a l  c u l t u r e s  in d i c a te d  a  ch an g e  i n  b io c h e m ic a l r e a c t i o n s  when 
p la c e d  on h y d ro c a rb o n s . O i l s  o f  v e ry  h ig h  m o le c u la r  w e ig h t ,  p a r a f f i n i c  
n a tu r e  and low m o le c u la r  w e ig h t ,  a ro m a tic  c o m p o s itio n  w ere m ost r e s i s ­
t a n t  t o  d i s s i m i l a t i o n .
W ebley (1954) o b se rv e d  good g ro w th  o f  N o c a rd ia  o p aca  on in- 
d o d e c a n e , n - t e t r a d e c a n e ,  n -h e x a d e c a n e , and n -o c ta d e c a n e  w h ile  h e p ta n e ,  
o c ta n e  and  nonane s u p p o r te d  l i t t l e  o r  no g ro w th .
T re c c a n i  e t  a l .  (1955) t e s t e d  t h r e e  o rg a n is m s , an  achrom o- 
b a c t e r ,  n o c a r d ia ,  and a m y cobacte rium  f o r  t h e i r  a b i l i t y  t o  u t i l i z e  
h y d ro c a rb o n s . C u l tu r e s  o f  n o c a rd ia  and  th e  m y cobacte rium  u t i l i z e d
num erous compounds from  C_-C„0 . H ydrocarbons o f  3 -12  c a rb o n  c h a in
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le n g th  w ere a s s im i l a t e d  by  th e  a c h ro m o b a c te r .
E co logy  o f  H ydrocarbon  U t i l i z e r s
A lth o u g h  th e  a b i l i t y  o f  m ic ro o rg an ism s  to  d e g ra d e  h y d ro c a rb o n s  
h a s  been  w e ll  e s t a b l i s h e d ,  th e  e c o lo g ic a l  a c t i v i t y  and im p o rta n c e  o f  
th e s e  o rg a n ism s  h as  o n ly  r e c e n t l y  a t t r a c t e d  c o n s id e r a b le  i n t e r e s t  due 
to  th e  in c r e a s e d  in c id e n c e  o f  m a jo r o i l  a c c id e n t s .  K nebel (1946) c a l ­
c u l a te d  t h a t  th e  a n n u a l p ro d u c t io n  o f  h y d ro c a rb o n s  th ro u g h  p h o to s y n th e ­
s i s  was a p p ro x im a te ly  e ig h ty  m i l l i o n  b a r r e l s  o f  p l a n t  h y d ro c a rb o n s .
T h is  l a r g e  am ount, c o u p le d  w ith  th e  e s t im a te d  one m i l l i o n  m e tr ic  to n s  
added  by o i l  t r a n s p o r t a t i o n ,  sew age, and n a t u r a l  s e e p s ,  s u g g e s ts  th e  
m ag n itu d e  o f  h y d ro c a rb o n  d e g r a d a t io n .
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Y e a s ts . — In  e x te n s iv e  s tu d i e s  o f  th e  m ic r o f lo r a  o f  o i l  f i e l d s  
i n  J a p a n , I iz u k a  and  Goto (1965) i s o l a t e d  s e v e r a l  c u l t u r e s  o f  re d  
y e a s t  from  o i l  b r i n e s .  A l l  y e a s t s  b e lo n g e d  to  th e  genus R h o d o to ru la , 
e x c e p t  f o r  one s t r a i n  o f  S porobolom yces j a p o n ic a . O rganism s w ere  s i g ­
n i f i c a n t l y  d i f f e r e n t  p h y s io lo g i c a l ly  from  th o s e  found  in  u n d is tu r b e d  
s o i l .  The y e a s t s  s tu d ie d  w ere u n a b le  t o  u t i l i z e  k e ro s e n e .  Growth 
te m p e ra tu re s  o f  20 -30  C a l s o  su g g e s te d  an  a d a p ta t i o n  to  th e  o i l  w e l l  
e n v iro n m e n t.
V a d a lk a r e t  a l .  (1969) i s o l a t e d  y e a s t s  from  s o i l  and  w a te r  
sam p les  from  n a t u r a l  l a k e s ,  o i l f i e l d s ,  and o i l  s e e p s  i n  I n d ia .  Of th e  
t e n  s t r a i n s  t h a t  grew  w e ll  on h y d ro c a rb o n s , se v e n  w ere C and ida s p e c i e s ,  
one T r ic h o s p o ro n , S acch a ro m y ces , and  P ic h ia  s p e c i e s . C andida l i p o -  
l y t i c a , C_. t r o p i c a l i s , and T r ic h o sp o ro n  p u l l u l a n s  grew  q u i t e  r a p i d l y  
on g a s - o i l  w ith  g e n e r a t io n  tim e  a s  low a s  1 .1 4  h o u r s .
L e P e t i t  e t  a l .  (1970) i s o l a t e d  y e a s t s  from  two l i t t o r a l  a r e a s  
n e a r  M a r s e i l l e ,  F ra n c e . A d i f f e r e n c e  in  s p e c ie s  c o m p o s itio n  was n o te d  
be tw een  p o l lu te d  and n o n - p o l lu te a  a r e a s .  Seven s p e c ie s  a b le  t o  u t i ­
l i z e  g a s - o i l  w ere i s o l a t e d ,  a l l  b e in g  C and ida o r  T o ru lo p s is  s p e c ie s  
known f o r  t h e i r  h y d r o c a r b o n o c la s t ic  a b i l i t y .
A hearn e t  a l .  (1971) t e s t e d  y e a s t s  from  m a rin e , e s t u a r i n e ,  and 
f r e s h w a te r  e n v iro n m e n ts  f o r  h y d ro c a rb o n  u t i l i z a t i o n .  S p e c ie s  o f  Can­
d i d a , T r ic h o s p o ro n , R h o d o to ru la , R h o d o sp o rid iu m , E ndom ycopsis , P ic h ia  
and  D ebaryom yces w ere  a b le  to  u t i l i z e  h y d ro c a rb o n s . M ost r a p id  h y d ro ­
c a rb o n  d e g r a d a t io n  o c c u r re d  w ith  s p e c ie s  o f  C a n d id a . S t r a i n s  from  
n o n - p o l lu te d  a r e a s  g av e  more r e s t r i c t e d  g ro w th  th a n  s i m i l a r  s t r a i n s  
from  p o l lu te d  a r e a s .  In c r e a s e d  c o n c e n t r a t i o n  o f  y e a s t s ,  p a r t i c u l a r l y
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h y d ro c a rb o n  u t i l i z e r s ,  w as n o te d  i n  th e  v i c i n i t y  o f  an  o f f s h o r e  o i l  
f i r e ,  s u g g e s t in g  p o s s i b l e  a s s o c i a t i o n  w i th  i n  s i t u  d e g r a d a t io n .
M eyers and  A hearn  (1971) n o te d  r a p id  g ro w th  o f  Endom ycopsis 
(C a n d id a ) l i p o l y t i c a  on  m o st f r a c t i o n s  o f  p e tro le u m . Growth was 
u s u a l ly  b e t t e r  i n  m ed ia  w ith  s e a w a te r  a s  th e  d i l u e n t .  S e v e ra l  s t r a i n s  
grew  b e t t e r  on y e a s t  n i t r o g e n  b a s e  and  heavy  g a s  o i l  th a n  on  y e a s t  
n i t r o g e n  b a s e  and g lu c o s e .  M ixed c u l t u r e s  o f  o rg a n ism s  w ere a b l e  to  
u t i l i z e  s u b s t r a t e s  n o t  u s e d  i n  m o n o ty p ic  c u l t u r e s .  Y e a s ts  w ere o b ­
s e rv e d  g row ing  on th e  p e r ip h e r y  o f  o i l  g lo b u le s ,  th u s  a f f e c t i n g  th e  
s u r f a c e  te n s io n .
A hearn and  M eyers (1972) d is c u s s e d  th e  m ic ro b io lo g y  o f  a r t i f i ­
c i a l l y  o i l - t r e a t e d  m arsh  p l o t s .  Y e a s ts  o f  n o n -o i le d  a r e a s  w ere u n a b le  
to  r a p id l y  o r  e x t e n s i v e ly  d e g ra d e  L o u is ia n a  c ru d e  o i l .  P o p u la t io n s  
r e s u l t i n g  from  m ic r o b ia l  s u c c e s s io n ,  co m p rised  p r im a r i ly  o f  T r ic h o ­
sp o ro n  s p . and  R h o d o to ru la , e x h ib i t e d  g r e a t e r  h y d r o c a r b o n o c la s t ic  
a c t i v i t y .  E x am in a tio n  o f  y e a s t  b io m ass  i n  th e  a r e a  o f  S h e l l  P la t fo rm  
B o f f s h o r e  o i l  w e l l  f i r e ,  a g a in  showed e x te n s iv e  e n r ic h m e n t o f  t o t a l  
p o p u la t io n  i n  g e n e r a l  and  p a r t i c u l a r l y  i n  h y d ro c a rb o n  u t i l i z e r s  a t  
s i t e s  w i th in  o n e - h a l f  m i le  o f  th e  f i r e .
F u n g i . — P e r ry  and  C e r n i g l i a  (1973) found  t h a t  s t r a i n s  o f  Cun- 
n in g h a m e lla  e le g a n s  and  P e n ic i l l iu m  zonaturn w ere m ost e f f e c t i v e  in  
d e g ra d in g  c ru d e  o i l .  S t r a i n s  o f  A s p e r g i l lu s  v e r s i c o l o r , C ephalosporum  
arcem onium , and  P e n ic i l l iu m  o c h r o - c h lo r e n s  a l s o  grew  w e ll  on h y d ro ­
c a rb o n s .  On a p a r a f f i n i c  c ru d e  o i l  85-92% o f  th e  t o t a l  was d e g ra d e d . 
Optimum g ro w th  te m p e ra tu re  f o r  £ .  e le g a n s  was 30 C and 37 C f o r  P̂ . 
zonaturn. O rganism s grew  b e t t e r  i n  s e a w a te r  w hich  had b een  e n r ic h e d
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w ith  n i t r o g e n  and  p h o s p h a te - c o n ta in in g  compounds th a n  i n  n a t u r a l  s e a ­
w a te r  .
W alker e t  a l .  (1973) s tu d ie d  h y d ro c a rb o n  u t i l i z a t i o n  by C lad o ­
sp o riu m  r e s i n a e , a  p r e v a l e n t  h y d ro c a rb o n -d e g ra d in g  fu n g u s . S tu d ie s  
showed t h a t  d e g r a d a t io n  o f  h y d ro c a rb o n s  was r a p i d  due to  m in e r a l i z a ­
t i o n  o f  m o s t o f  th e  h y d ro c a rb o n s  r a t h e r  th a n  a s s i m i l a t i o n  in t o  c e l l u ­
l a r  c a rb o n . H ydrocarbon  o x id a t io n  was fou n d  to  p ro c e e d  in  m ost i n ­
s ta n c e s  v i a  a  c o n s t i t u t i v e  enzyme sy stem  i n  C. r e s i n a e . Growth on  
h y d ro c a rb o n s  b ro u g h t a b o u t a  d e c r e a s e  i n  pH i n  m ost c a s e s .  D ata a l s o  
s u g g e s t  t h a t  Ĉ . r e s i n a e  t r a n s p o r t s  a lk a n e s  i n t o  th e  c e l l  and th e n  o x i ­
d iz e s  th e s e  com pounds. A l l  th e s e  f a c t o r s  s u g g e s t  a  m a jo r r o l e  f o r  th e  
fu n g u s  i n  th e  d e g r a d a t io n  o f  p e tro le u m  in  n a t u r a l  e n v iro n m e n ts .
B a c t e r i a . — E k z e r ts e v  (1958) n o te d  fo rm a tio n  o f  g a seo u s  p ro d u c ts  
when c ru d e  o i l  sam p les  w ere in c u b a te d  a n a e r o b ic a l ly .  D e g ra d a tio n  seems 
to  b e  enhanced  by th e  n a t u r a l  m ic r o f lo r a  o f  th e  c ru d e  o i l .  I n c r e a s e d  
o i l  breakdow n was o b se rv e d  when c ru s h e d  c o r e s  from  o i l  p ro d u c in g  zones 
w ere  added  to  th e  o i l .  A n aero b ic  breakdow n r e p r e s e n te d  th e  m ajo r 
s o u rc e  o f  m e thane i n  o i l  d e p o s i t s .
P o ly ak o v a  (1963) exam ined th e  h e a v i ly  o i l - p o l l u t e d  Neva Bay 
and e s tu a r y  f o r  h y d ro c a rb o n  u t i l i z e r s .  M ic ro o rg an ism s w hich  co u ld  
o x id iz e  S o la r  o i l ,  a R u ss ia n  c ru d e  o i l ,  w ere found  in  l a r g e  num bers. 
O rgan ism s c a p a b le  o f  d e g ra d in g  b e n z e n e , to lu e n e  o r  a n th ra c e n e  w ere n o t  
i s o l a t e d  d u r in g  th e  sam p lin g  p e r io d .  S e a so n a l d i s t r i b u t i o n  s tu d ie s  
r e v e a le d  t h a t  o i l  o x id i z e r s  r e a c h e d  a  peak  d u r in g  th e  J u ly -A u g u s t 
s a m p lin g . H y d r o c a r b o n - u t i l iz in g  o rg a n ism s  w ere more num erous a t  th e  
s u r f a c e ,  p ro b a b ly  in  a s s o c i a t i o n  w ith  o i l  s l i c k s .  The p red o m in an t
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o rg an ism s  fou n d  w ere  s p e c ie s  o f  P seudom onas, M ycobacterium  and Bac­
te r iu m .
I iz u k a  and  Romagata (1964) i s o l a t e d  h y d ro c a rb o n  u t i l i z e r s  from  
o i l - b r i n e s  and  s o i l s  o f  J a p a n e s e  o i l  f i e l d s .  G rowth on n u t r i e n t  a g a r  
b ro u g h t a b o u t a  r a p id  l o s s  i n  a b i l i t y  o f  m ost pseudom onads to  u t i l i z e  
h y d ro c a rb o n s . S p e c ie s  o f  C o ry n e b a c te riu m  and  B re v ib a c te r iu m , how ever, 
d id  n o t  l o s e  t h e i r  a b i l i t y  to  d e g ra d e  h y d ro c a rb o n s . L oss o f  en zy m a tic  
c a p a c i ty  s u g g e s ts  some e s s e n t i a l  d i f f e r e n c e  i n  th e  m echanism  o f  h y d ro ­
c a rb o n  u t i l i z a t i o n  betw een  g ra m -n e g a tiv e  and  g r a m - p o s i t iv e  m ic ro o rg a ­
n ism s .
Z o B e ll and P rokop (1966) n o te d  t h a t  th e  o i l  c o n te n t  ( t o t a l  
u n s a p o n i f i a b le ,  c a rb o n  t e t r a c h l o r i d e  e x t r a c t )  o f  mud sam p les  from  
B a r a t a r i a  Bay was g e n e r a l ly  from  0.001% -0.1%  o f  w e t w e ig h t o f  sa m p le s . 
A reas o f  r e c e n t  p o l l u t i o n  gave o i l  c o n te n ts  o f  g r e a t e r  th a n  1% o f  th e  
mud. D isa p p e a ra n c e  o f  c ru d e  o i l  from  w a te r  s u r f a c e  was n o te d  w ith  an  
inocu lum  o f  10 o i l - o x i d i z i n g  b a c t e r i a / m l .  I l lu m in a t io n  by s u n l i g h t  
com pared w ith  in c u b a t io n  i n  th e  d a rk  had no o b s e rv a b le  e f f e c t  on  th e  
a p p e a ra n c e  o f  o i l  a f t e r  s e v e r a l  m o n th s. D is a p p e a ra n c e  o f  0 .1  ml o f  
c ru d e  o i l  from  in o c u la te d  c o n t a in e r s  (141 l i t e r )  was o b s e rv e d  w i th in  a 
p e r io d  o f  one w eek, and  a s  much a s  10 ml was rem oved w i th in  18 weeks 
w ith  s e v e r a l  c ru d e  o i l  c h e m ic a l ty p e s .  F ie ld  s t u d i e s  i l l u s t r a t e d  th e  
rem o v a l o f  100 ml o f  o i l  from  th e  s u r f a c e  o f  a  2 0 0 - l i t e r  v e s s e l  w i th in  
9 w eeks. The a b i l i t y  o f  o rg a n ism s  to  q u a n t i t a t i v e l y  r e d u c e  c ru d e  o i l  
u n d er c u l tu r e d  c o n d i t io n s  w ere c a l c u l a t e d  by g r a v im e t r i c  m ethods and 
p o p u la t io n  m easu rem en ts . R e d u c tio n  by a s  much a s  1 6 .3 -9 7 .9 %  was n o te d  
w ith  v a r io u s  c ru d e  o i l s .  O il  o x id i z e r s  w ere p r e s e n t  in  d e n s i t i e s  a s
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h ig h  a s  10^ c e l l s /g r a m  o f  mud. The a b i l i t y  o f  s u l f a t e  r e d u c e r s  t o  
grow  u s in g  m in e r a l  o i l  a s  s o le  c a rb o n  s o u rc e  was a l s o  d e m o n s tra te d  i n  
la b o r a to r y  c u l t u r e s .
G unkel (1 9 6 8 ), i n  b a c t e r i o l o g i c a l  s t u d i e s  o f  p o l l u t e d  s e d i ­
m e n ts , found  in c r e a s e d  num bers o f  h y d r o c a r b o n - u t i l i z in g  o rg an ism s  in  
a l l  sam p les  c o n ta in in g  o i l .  The o c c u r re n c e  o f  p r o t e o l y t i c  o rg an ism s 
was n o t  d e l e t e r i o u s l y  a f f e c t e d  by th e  p r e s e n c e  o f  o i l  i n  any  sa m p le s . 
Jo n e s  and  E d in g to n  (1968) exam ined th e  m ic r o f lo r a  o f  an  u p la n d  moor­
la n d  s o i l  and  u n d e r ly in g  s h a le  f o r  o rg a n ism s  c a p a b le  o f  o x id iz in g  
h y d ro c a rb o n s . Sam ples ta k e n  a t  20 cm g av e  th e  h ig h e s t  p r o p o r t io n  o f  
h y d ro c a rb o n  u t i l i z e r s  i n  a l l  sam p les c o l l e c t e d .  The a d d i t io n  o f  hyd ro ­
c a rb o n s  s t im u la te d  r e s p i r a t i o n .  Long c h a in  iv - a l ip h a t ic s  w ere more 
r a p i d l y  d e g ra d e d  th a n  s h o r t - c h a in e d  r v - a l i p h a t i c s ,  a r o m a t ic s ,  and a l i -  
c y c l i c  h y d ro c a rb o n s . In  eac h  sam p le , i t  was n o te d  t h a t  fu n g i  p la y e d  
an  im p o r ta n t  r o l e  i n  d e g r a d a t io n  o f  h y d ro c a rb o n s .
P e r r y  and  S c h e ld  (1968) d e m o n s tra te d  l a r g e  num bers o f  m ic ro ­
o rg a n ism s  i n  s o i l s  c a p a b le  o f  u t i l i z i n g  h y d ro c a rb o n s  a s  a s o le  so u rc e  
o f  c a rb o n  and  e n e rg y . O rganism s i s o l a t e d  on an  o x y g e n a s e - r e q u i r in g  
s u b s t r a t e ,  su ch  a s  c a te c h o l  o r  r e s o r c i n o l ,  showed a  much h ig h e r  f r e ­
quency  o f  h y d ro c a rb o n  u t i l i z a t i o n  th a n  th o s e  i s o l a t e d  on a  s u b s t r a t e  
n o t  r e q u i r i n g  a n  o x y g e n a se . H y d ro c a rb o n o c la s ts  r e p r e s e n te d  from  1-3% 
o f  th o s e  o rg a n ism s  c a p a b le  o f  g row ing  on n u t r i e n t  a g a r .  Much g r e a t e r  
p r o p o r t io n s  w ere  fo u n d  i n  a r e a s  a ro u n d  o i l  w e l l s .
Jo n e s  (1969) s tu d ie d  th e  e f f e c t s  o f  ad d in g  v a r io u s  h y d ro c a r ­
bons to  s o i l .  I n c r e a s e  i n  m ic r o b ia l  a c t i v i t y  was n o te d  w i th  a d d i t io n  
o f  rv -e ic o sa n e  by b u r ie d  s l i d e  t e c h n iq u e s .  F u r th e r ,  r a t e s  o f
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n - e ic o s a n e  a s s i m i l a t i o n  w ere lo w er a t  e n v iro n m e n ta l te m p e ra tu re  (10 C) 
th a n  a t  e x p e r im e n ta l  te m p e r a tu r e s .
M ironov (1969) i s o l a t e d  h y d ro c a rb o n  u t i l i z e r s  from  th e  B lack  
S ea . I t  was o b s e rv e d  t h a t  o c c u r re n c e  o f  m ic ro o rg a n ism s  was d e p e n d e n t 
on  th e  c o n te n t  o f  p e tro le u m  p r o d u c ts .  O rganism s i s o l a t e d  w ere members 
o f  B a c te r iu m , P se u d o b a c te r iu m , V ib r io , A ch ro m o b ac te r, M ic ro c o c c u s , 
B a c i l l u s , S p i r i l lu m  and  S a r c in a . In  a d d i t i o n ,  d i f f e r e n t  s p e c ie s  d iv e r ­
s i t i e s  w ere n o te d  f o r  a l l  fo u r  s t a t i o n s .  T h ree  n e a r - s h o r e  s i t e s ,  sub ­
j e c t  to  c o n t in u a l  p e tro le u m  in p u t ,  gave d i v e r s i t y  v a lu e s  o f  1 4 , 19 and 
24, w h ile  a  s t a t i o n  10 m ile s  from  s h o re  w ith  o n ly  s l i g h t  p e tro le u m  
c o n ta m in a t io n  had  o n ly  11 s p e c ie s .  M ironov a l s o  s u g g e s te d  t h a t  s e l f ­
p u r i f i c a t i o n ,  i . e . ,  a u to c h th o n o u s  b io d e g ra d a t io n  o f  p e tro le u m  p r o d u c ts ,  
may b e  i n h i b i t e d  by th e  i n t r o d u c t i o n  o f  o th e r  o rg a n ic  compounds in to  
th e  sy s tem .
M ig e t e t  a l .  (1969) i s o l a t e d  a c t i v e l y  o i l - d e g r a d in g  c u l t u r e s  
from  s o i l  and  w a te r  e x t e n s iv e ly  exposed  to  h y d ro c a rb o n s . Two ty p e s  o f  
g row th  w ere n o te d : 1) t h a t  w i th in  th e  o i l  p h ase  ( o i l  p o s i t i v e )  and
2) t h a t  w i th in  th e  aq u eo u s  p h a s e .  C u l tu r e s  r e a d i l y  o x id iz e d  h y d ro c a r ­
bons ( p a r a f f in s )  up  t o  C2 5 ‘ O x id a t io n  o f  30-35% o f  th e  c ru d e  o i l  
o c c u r re d  w i th in  60 h o u rs  i n  e n r ic h e d  s e a w a te r .  In  an  e x a m in a tio n  o f  
Cook I n l e t ,  A la s k a , K inney e t  a l .  (1969) d e m o n s tra te d  t h a t  u n s u p p le ­
m ented  i n l e t  w a te r  c o u ld  in d u c e  c ru d e  o i l  d e g r a d a t io n .  A p p ro x im a te ly  
100 o rg a n ism s  p e r  l i t e r  w ere found  to  be  a b le  to  d e g ra d e  c ru d e  o i l .
I t  was e s t im a te d  t h a t  b io d e g ra d a t io n  o f  c ru d e  o i l  was e s s e n t i a l l y  com­
p l e t e  w i th in  1-2  m onths i n  Cook I n l e t ,  w ith  a lm o s t c o m p le te  d e g r a d a t io n  
o f  o i l  c o n c e n t r a t io n s  o f  20 mg/1 w i th in  t h i s  p e r io d .
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J o h n s to n  (1970) i n v e s t i g a t e d  c ru d e  o i l  d e c o m p o s itio n  in  sand  
co lu m n s. Oxygen c o n c e n t r a t io n s  th ro u g h o u t th e  colum n d e c re a s e d ,  w ith  
th e  d e e p e s t  l e v e l  becom ing a n a e ro b ic  soon a f t e r  a d d i t i o n  o f  o i l .  Slow 
re c o v e ry  was n o te d  b e g in n in g  im m e d ia te ly  below  th e  o i l e d  l a y e r ,  how ever,
r e c o v e ry  was n o t  c o m p le te  a f t e r  f o u r  m o n ths. Rem oval r a t e s  o f  c ru d e
2 2 o i l  i n  h e a v i ly  o i l e d  (1 .1  kg/m ) sand  was e s t im a te d  a t  0 .0 9 g  o i l /m  /d a y
2 2 and 0 .0 4  g/m  /d a y  w ith  a  l i g h t  o i l i n g  (12 gm o i l /m  ) .  Amounts o f  o i l
2
g r e a t e r  th a n  100 g/m  w ould i n i t i a t e  th e  o n s e t  o f  a n a e ro b ic  c o n d i t io n s .  
When no rm al oxygen  p r o f i l e s  w ere e s t a b l i s h e d  c ru d e  o i l  was d e c re a s e d  
o n ly  10% s u g g e s t in g  t h a t  l a r g e  am ounts o f  c ru d e  o i l  w ere r e s i s t a n t  to  
d e g r a d a t io n  i n  th e  san d  colum n e n v iro n m e n t.
M ironov (1970) n o te d  t h a t  m ost s p e c ie s  o f  h y d ro c a rb o n  u t i l i z e r s  
w ere i s o l a t e d  when w a te r  te m p e ra tu re s  w ere r a t h e r  h ig h ,  e . g . , above 
20 C. S tu d ie s  showed t h a t  c o n c e n t r a t io n s  o f  o rg a n ism s  c a p a b le  o f  
g ro w in g  i n  m in e ra l  m edia w ith  o i l  a s  a c a rb o n  so u rc e  w ere s i m i l a r  to  
th e  no rm al h e t e r o t r o p h ic  s ta n d in g  c r o p .  The m ere i s o l a t i o n  o f  l a r g e  
num bers o f  h y d r o c a r b o n - u t i l i z a in g  m ic ro o rg a n ism s  o n ly  s u g g e s ts  t h a t  
o i l  c a n  be  d e g ra d e d  i n  t h a t  en v iro n m e n t; t h i s  i s  n o t  de_  f a c t o  e v id e n c e  
t h a t  d e g r a d a t io n  o c c u r s .  An i s o l a t e  o f  Pseudom onas s i n o s a , how ever, 
was c a p a b le  o f  g row ing  w e ll  on  s e v e r a l  c ru d e  o i l s ,  b u t  o n ly  p o o r ly  on 
p e p to n e . C o r r e la t io n s  o f  o i l  d e g ra d e rs  and a b i l i t y  to  d e g ra d e  o i l  
p o l l u t a n t s  w ould seem v a l i d  o n ly  f o r  a r e a s  w here "p u re "  o i l  p o l l u t i o n  
o c c u rs  w ith o u t th e  a d d i t io n  o f  o th e r  o rg a n ic  m a t e r i a l .
B r id ie  and  Bos (1971) com pared r a t e s  o f  o i l  d e g r a d a t io n  by 
n a t u r a l  s e a w a te r  p o p u la t io n s  w ith  d e g r a d a t io n  o f  a m odel s u b s t r a t e ,  
e . g . ,  m in e ra l  o i l .  B io d e g ra d a tio n  o f  c ru d e  o i l  i n  s e a w a te r  c o u ld  be
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i n c r e a s e d  s i g n i f i c a n t l y  by  i n t r o d u c t i o n  o f  n i t r o g e n  an d  p h o sp h o ru s  
com pounds, s u g g e s t in g  t h a t  th e  l i m i t i n g  f a c t o r s  i n  c ru d e  o i l  d e g ra d a ­
t i o n  a r e  th e  a v a i l a b i l i t y  o f  n i t r o g e n  and  p h o sp h o ru s  com pounds. The 
n o rm a lly  low c o n c e n t r a t i o n  o f  n i t r o g e n  and  p h o sp h o ru s  compounds i n  s e a ­
w a te r  d o e s  n o t  p e r m i t  e x te n s iv e  b a c t e r i a l  r e p r o d u c t io n .  A reas  w ith  
l a r g e  i n i t i a l  p o p u la t io n s  o f  o i l  d e g ra d e rs  t h e r e f o r e  have r a p id  d e g ra ­
d a t io n  r a t e s .
K a to r e t  a l .  (1971) d e m o n s tra te d  a  p r e f e r e n t i a l  m e tab o lism  o f  
s a t u r a t e d  p a r a f f i n s  i n  L o u is ia n a  c ru d e  o i l .  C e l l s  w ere found  p red o m i­
n a n t ly  a t  th e  o i l - w a t e r  i n t e r f a c e  a f t e r  i n t r o d u c t i o n  o f  th e  m ic r o b ia l  
c u l t u r e .  O il  " s t i c k i n e s s "  was o b se rv e d  to  d e c r e a s e  i n  s im u la te d  f i e l d  
s t u d i e s .  In  la b o r a to r y  s t u d i e s ,  u t i l i z a t i o n  o f  <̂ ^2 '’C30 
was o b s e rv e d .  I n d i c a t io n s  o f  a  d ia u x ic  r e s p o n s e ,  i . e . ,  two p h a s e s  o f  
e x p o n e n t ia l  g ro w th , w ere a l s o  d e t e c te d  in  l a b o r a to r y  s t u d i e s .
A t la s  and B a r th a  (1972a) exam ined d e g r a d a t io n  and m in e r a l i z a ­
t i o n  o f  p e tro le u m  by two b a c t e r i a l  i s o l a t e s ,  B re v ib a c te r iu m  s p . and 
F la v o b a c te r iu m  s p .  Maximum d e g r a d a t io n  o f  c ru d e  o i l  and a model 
p e tro le u m  (C ,C 1 0 ,C ) o c c u r re d  w i th in  2 w eeks. C rude o i l  d e g ra d a -
1 6 lo iy
t i o n  was a s  much a s  60%, w ith  m odel p e tro le u m  d e g r a d a t io n  a s  g r e a t  a s  
75%. Compounds t o  C ^  d is a p p e a re d  p r im a r i ly  by v o l a t i l i z a t i o n ;
C 2_4.~*~22 w ere e x t e n s i v e ly  d e g ra d e d . D e g ra d a tio n  a p p e a re d  to  p ro cee d  
s im u l ta n e o u s ly  w i th o u t  any  d ia u x ic  r e s p o n s e .
A t la s  and B a r th a  (1972b) d e m o n s tra te d  t h a t  th e  s im u lta n e o u s
-2  -4a d d i t i o n  o f  n i t r a t e  to  10 M and p h o s p h a te  to  3 .5  x 10 M s i g n i f i c a n t l y
in c r e a s e d  th e  d e g r a d a t io n  and  m i n e r a l i z a t i o n  o f  c ru d e  o i l  by n a t u r a l
s e a w a te r  p o p u la t io n s .  M in e r a l i z a t i o n ,  how ever, a p p e a re d  to  be much
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more d e p e n d e n t on  c o n c e n t r a t io n s  o f  n i t r o g e n  and  p h o sp h o ru s  com pounds, 
w h ile  d e g r a d a t io n  a p p e a re d  to  be c o n s ta n t  o v e r  a  ra n g e  o f  c o n c e n tr a ­
t i o n s .  I t  was t h e r e f o r e  s u g g e s te d  t h a t  d e f i c i e n c i e s  o f  e i t h e r  n i t r o ­
g en  o r  p h o sp h o ru s 'w o u ld  p ro d u ce  c e l l s  w ith  a b n o rm a lly  h ig h  l i p i d  
s t o r e s  and low m e ta b o lic  a c t i v i t y .
S o l i  and  Bens (1972) i s o l a t e d  s t r a i n s  o f  C o ry n e b a c te r iu m , 
A r th r o b a c t e r , and A chrom obacter c a p a b le  o f  o x id iz in g  norm al p a r a f f i n s ,  
i s o - p a r a f f i n s ,  and  a ro m a tic  h y d ro c a rb o n s  i n  a  s y n th e t i c  s e a w a te r  
medium. Mixed b a c t e r i a l  c u l t u r e s  u t i l i z e d  a s  much a s  50% o f  a L o u is i ­
an a  c ru d e  o i l  w i th in  48 h r s .  Normal p a r a f f i n s  w ere more e a s i l y  a t ­
ta c k e d  .
Jo b so n  e t  a l .  (1972) o b se rv e d  d e g r a d a t io n  o f  two c ru d e  o i l s  a t  
4 and  30 C by m ixed b a c t e r i a l  c u l t u r e s  o b ta in e d  by e n ric h m e n t p ro c e ­
d u r e s .  The i n i t i a l  r e s p o n s e  was e m u l s i f i c a t i o n ,  fo llo w e d  by an i n ­
c r e a s e  in  d e n s i ty  o f  th e  c ru d e  o i l .  C h e m ic a lly , t h i s  was accom panied 
by a  u t i l i z a t i o n  o f  n - a lk a n e s  w ith  lo n g e r  c h a in s  a p p e a r in g  t o  be 
s l i g h t l y  more r e s i s t a n t .  D e g ra d a tio n  o f  a ro m a tic s  in  c ru d e  o i l  m ix­
t u r e ,  b u t  n o t  a s  a s o le  c a rb o n  s o u r c e ,  s u g g e s te d  t h a t  c o - o x id a t io n  may 
be th e  p r i n c i p a l  m echanism  f o r  th e  r a p id  rem o v a l o f  th e s e  compounds 
from  th e  e n v iro n m e n t.
R e i s f e ld  e t  a l . (1972) i s o l a t e d  a m ixed c u l t u r e  c a p a b le  o f
e m u ls ify in g  c ru d e  o i l  i n  2 -4  d a y s . In  s tu d i e s  o f  d i s p e r s a l  o f  o i l  a t  
32 C by a m ixed c u l t u r e ,  a d e c r e a s e  in  pH from  7 .5  to  5 .0  was n o te d  
d u r in g  th e  f i r s t  2 d a y s . P o p u la t io n s  r a p id l y  in c re a s e d  to  maximum 
l e v e l s  d u r in g  th e  i n i t i a l  24 h r s  and th e n  s t e a d i l y  d e c l in e d .  The 
m ixed c u l tu r e  was found to  be composed o f  s e v e r a l  d i f f e r e n t  o rg a n ism s ,
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o n ly  one o f  w hich  w ould e m u ls ify  o i l  i n  p u re  c u l t u r e ,  even th o u g h  a l l  
p ro d u ced  c o lo n ie s  on c ru d e  o i l  m edia and  n u t r i e n t  a g a r .  RAG-1, an 
A r th r o b a c te r  i s o l a t e d  from  th e  m ixed c u l t u r e ,  was c a p a b le  o f  d i s p e r s ­
in g  o i l  i n  o n ly  one d ay , i f  grown on o i l  p r i o r  to  i n o c u l a t i o n .  S u p e r-  
n a te  f l u i d  from  c u l t u r e s  o f  RAG-1 grown on h ex ad ecan e  was a l s o  a b le  to  
p ro d u ce  d i s p e r s io n  o f  o i l .
S e k i (1973) r e p o r te d  th e  u se  o f  a s i l i c a  g e l  medium f o r  enum era­
t i o n  o f  p e tro le u m -d e g ra d in g  m ic ro o rg a n ism s . P o p u la t io n s  o f  p e tro le u m  
u t i l i z e r s  w ere found  to  be l e s s  th a n  100 /100  ml o f  w a te r  a t  s e v e r a l  
s t a t i o n s  i n  Tokyo Bay.
W alker and C o lw e ll (1973) re c o rd e d  p o p u la t io n  l e v e l s  o f  p e t r o -
1 3leum  d e g ra d e rs  in  C hesapeake  Bay ra n g in g  from  5 x 10 to  9 x 10 c e l l s  
p e r  sam p le . A d e c re a s e  in  pH o f  h y d ro c a rb o n  m edia was n o te d  c o n c u r r e n t  
w ith  g row th  o f  o rg a n is m s . M ic ro o rg an ism s grew  on r e p r e s e n t a t i v e  a l i ­
p h a t i c  and  a ro m a tic  h y d ro c a rb o n s . In  l a b o r a to r y  s t u d i e s ,  c u l t u r e  
y ie ld  o f  o rg a n ism s  exposed  to  o i l  in  th e  en v iro n m e n t was g r e a t e r  th a n  
y i e ld  o f  o rg a n ism s  n o t  exposed  to  o i l .
A t la s  and B a rth a  (1973a) en u m era ted  h y d ro c a rb o n  u t i l i z e r s  in  
R a r i ta n  Bay, New J e r s e y ,  w ith  p o p u la t io n s  r a n g in g  from  a low o f  24 
c e l l s / 1  to  a h ig h  o f  3 4 0 0 /1 . G re a te r  num bers o f  o i l  d e g ra d e rs  w ere 
found  when Sweden c ru d e  was u sed  in  p la c e  o f  S ou th  L o u is ia n a  c ru d e  in  
th e  m e d ia . Sweden c ru d e  o i l  i s  more p a r a f f i n i c  th a n  L o u is ia n a  c ru d e  
o i l .  M in e r a l iz a t io n  o f  b o th  L o u is ia n a  and Sweden c ru d e s  was n o te d  by 
n a t u r a l  p o p u la t io n s  i n  s e a w a te r  c o l l e c t e d  a t  s e v e r a l  s t a t i o n s .  I t  was 
n e c e s s a ry  to  add n i t r o g e n  and p h o sp h o ru s  compounds to  a c h ie v e  30-40% 
m i n e r a l i z a t i o n  in  18 d a y s . P o p u la t io n s  o f  o i l  d e g ra d e rs  i n  a volum e
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o f  s e a w a te r  w ere  n o t  u s e f u l  i n  p r e d i c t i n g  r a t e  o f  d is a p p e a ra n c e  o f  o i l .  
P o p u la t io n s  o f  a l l  100 ml w a te r  sam p les  w ere a b le  to  re d u c e  one ml o f  
c ru d e  o i l  by  70% i n  18 d a y s .
P h y s io lo g y
G e n e ra l  P athw ays
In  d i s c u s s in g  th e  m echanism s o f  h y d ro c a rb o n  d e g ra d a t io n  i t  i s  
s im p le r  t o  f i r s t  exam ine th e  m echanism  o f  n - a lk a n e  d e g r a d a t io n ,  b e c a u se  
th e s e  p a th w ay s  a r e  w e l l  e s t a b l i s h e d  and  a r e  found  i n  more o rg a n is m s . 
Numerous w o rk e rs  (Senez and  K o n o v a lts c h ik o f f -M a z o y e r , 1956; T h i j s s e  and 
Van d e r  L in d e n , 1958; S te w a r t  e t  a l . ,  1959; K e s te r  and  F o s te r ,  1963; 
L e b a u lt  e t  a l . ,  1970; and Cooney and  W alk er, 1973) have r e p o r te d  th e  
fo rm a t io n  o f  f a t t y  a c id s  from  m e ta b o liz e d  h y d ro c a rb o n s . The i n t e r ­
m e d ia te s  a r e  p re su m a b ly  a l c o h o ls  to g e th e r  w ith  s e v e r a l  o th e r  com plex 
m e ta b o l i t e s .  T e rm in a l (m o n o -te rm in a l)  o x id a t io n  a p p e a rs  to  be  th e  
m a jo r pathw ay  f o r  m ic ro o rg a n is m s , how ever, e v id e n c e  f o r  d i - t e r m in a l  
o x id a t io n  h as  b een  p r e s e n te d  by K e s te r  and F o s te r  (1 9 6 3 ). A lle n  e t  
a l .  (1971) and  M ark o v e tz  (1971) h av e  g iv e n  e v id e n c e  f o r  s u b - te rm in a l  
o x id a t io n  v i a  fo rm a t io n  o f  th e  c o r re s p o n d in g  a l c o h o l ,  k e to n e , and 
e s t e r .
C y c lo p a r a f f in  m e tab o lism  h a s  n o t  b een  a s  e x te n s iv e ly  s tu d ie d  
a s  h a s  p a r a f f i n  m e ta b o lism , and  d a ta  on th e  e x a c t  m echanism  a r e  s c a r c e .  
The m ost e x te n s iv e  w ork , t h a t  o f  Ooyama and .F o s te r  (1 9 6 5 ), d e a l s  w ith  
o x id a t io n  o f  e y e l o - p a r a f f i n s  in c a p a b le  o f  s u p p o r t in g  g row th  a s  a  s o le  
s o u rc e  o f  c a rb o n  and  e n e rg y . S tu d ie s  showed t h a t  c y c lo a lk a n e s  w ere 
c o n v e r te d  to  k e to n ic  s u b s ta n c e s ,  u s u a l ly  ey e lo m o n o k e to n e s . Van d e r
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L inden  and  T h i j s s e  (1965) r e p o r te d  t h a t  c y c lo a lk a n e s  w ith  lo n g  s id e  
c h a in s  w ere d e g ra d e d . I t  was n o t  d e m o n s tra te d  w h e th e r th e  c y c l i c  p a r t  
o f  th e  c y c lo a lk a n e  was m e ta b o l iz e d .
M echanism s o f  d e g r a d a t io n  o f  a ro m a tic  h y d ro c a rb o n s  have been  
e x t e n s iv e ly  i n v e s t i g a t e d .  However, th e  c o m p le x ity  o f  p o ly c y c l i c  h y d ro ­
c a rb o n s  and t h e i r  c o n s t i t u e n t s  found  in  c ru d e  o i l  makes any  g e n e r a l i z a ­
t i o n  o f  d e g r a d a t io n  m echanism s d i f f i c u l t .  B enzene, a  r e p r e s e n t a t i v e  
a ro m a t ic ,  u n d e rg o e s  c o n v e rs io n  to  o x o a d ip ic  a c id  v i a  c a te c h o l  and  c i s -  
c i s  m uconic a c id  (Van d e r  L inden  and  T h i j s s e ,  1 9 6 5 ).
R e c a l c i t r a n t  Compounds and C o-M etabolism
H ydrocarbons in c a p a b le  o f  b e in g  u t i l i z e d  a s  a s o le  so u rc e  o f  
c a rb o n  o r  e n e rg y  may be d eg rad e d  by a n o th e r  m echanism , i . e . ,  c o -  
m e ta b o ls im . T h is  l a t t e r  o c c u rs  when an o rg an ism  o x id iz e s  a s u b s t r a t e  
o n ly  c o n c o m ita n tly  w ith  th e  o x id a t io n  o f  a  u t i l i z a b l e  s u b s t r a t e .  L ead- 
b e t t e r  and  F o s te r  (1959a) o b se rv e d  th e  phenomenon w ith  e th a n e ,  p ro p a n e , 
and b u ta n e  d u r in g  g row th  o f  Pseudom onas m e th a n ic a  on m e thane .
D av is  and Raymond (1961) d e m o n s tra te d  t h a t  N o card ia  s p . c o u ld  
o x id iz e  s u b s t i t u t e d  a l k y l - a r y l  h y d ro c a rb o n s  (such  a s  p - i s o - p r o p y l -  
to lu e n e )  in  th e  p r e s e n c e  o f  rv -hexadecane , b u t  n o t  i n  i t s  a b s e n c e . 
H o rv a th  and K o ft (1972) e x p la in e d  th e  breakdow n o f  a lk y l-b e n z e n e  s u l ­
f o n a te s  by m ixed m ic r o b ia l  s p e c ie s  a s  c o -m e ta b o lism . H orvath  (1972) 
in d i c a t e d  t h a t  c o -m e ta b o lism  i s  an  im p o r ta n t  d e g ra d a t io n  m echanism  f o r  
some com plex m o le c u le s .  However, th e  r e l a t i o n s h i p  be tw een  s p e c i f i c  
compounds and th e  c o - m e ta b o l i te s  o f  th e s e  non -g ro w th  h y d ro c a rb o n s  has 
n o t  b een  e s t a b l i s h e d  c o n c lu s iv e ly .  Many common com pounds, i . e . ,  
c h i t i n ,  c e l l u l o s e ,  p r o t e i n ,  and t h e i r  breakdow n p ro d u c ts  may p ro v e
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s u i t a b l e  c o - s u b s t r a t e s  f o r  many compounds now r e g a rd e d  a s  r e c a l c i ­
t r a n t .
C hem ical and  P h y s ic a l  F a c to r s
Among th e  m ore im p o r ta n t  f a c t o r s  i n  th e  r a p i d  d e g e n e r a t io n  o f  
c ru d e  o i l  a r e  o x y gen , te m p e ra tu r e ,  a v a i l a b i l i t y  o f  n u t r i e n t s ,  and  
s u r f a c e  a r e a .
Oxygen. — The im p o rta n c e  o f  oxygen i n  th e  d e g r a d a t io n  o f  h y d ro ­
c a rb o n s  i s  e v id e n t ,  s in c e  m ost pa thw ays o f  h y d ro c a rb o n  m e tab o lism  i n ­
v o lv e  th e  i n i t i a l  a c t i o n  o f  an  ox y g en ase  s y s te m . B u sh n e ll  and  Haas 
(1941) s u g g e s te d  t h a t  o rg a n ism s  m ig h t a l s o  be a b l e  to  u s e  com bined 
fo rm s o f  oxygen su c h  a s  n i t r a t e s  o r  s u l f a t e s  i n  o x id a t io n  o f  c ru d e  o i l .  
They s t a t e d ,  how ever, t h a t  th e s e  a l t e r n a t e  oxygen  s o u rc e s  w ere  u sed  
o n ly  when n a t u r a l  f r e e  0 was  in  low c o n c e n t r a t i o n .  The work o f  
N o v e l l i  and  Z o B e ll (1944) v e r i f i e d  t h i s  h y p o th e s i s  i n  p a r t .  The 
a b i l i t y  o f  s p e c ie s  o f  D e s u lf o v ib r io  to  a s s i m i l a t e  v a r io u s  h y d ro c a rb o n s  
from  d eca n e  to  h e n t r i a c o n ta n e  u n d e r a n a e ro b ic  c o n d i t io n s  was demon­
s t r a t e d .  Hansen and K a l l io  (1957) w ere u n a b le  to  d e m o n s tra te  u s e  o f  
n i t r a t e  a s  a  te r m in a l  o x id a n t  f o r  h y d ro c a rb o n s . U sin g  o x y g e n a te d -  
hom ologous s u b s t r a t e s ,  i t  was e a s i l y  d e m o n s tra te d  t h a t  once oxygen was 
in c o rp o r a te d  in t o  th e  h y d ro ca rb o n  s t r u c t u r e ,  i t  c o u ld  e a s i l y  be d e ­
g ra d e d  w ith  n i t r a t e  and p resu m ab ly  s u l f a t e  a s  th e  e l e c t r o n  a c c e p to r .
L e a d b e t te r  and F o s te r  (1959b) c l e a r l y  e s t a b l i s h e d  th e  in c o r ­
p o r a t io n  o f  m o le c u la r  oxygen by b a c t e r i a  u t i l i z i n g  h y d ro c a rb o n s . O r­
gan ism s c u l tu r e d  on h y d ro c a rb o n s  i n  an  a tm o sp h e re  c o n ta in in g  oxygen -18
18showed an  in c r e a s e  m  0 c o n c e n t r a t i o n s  o v e r  o rg a n ism s  grown on
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n o n -h y d ro c a rb o n  s u b s t r a t e s .  I s h ik u r a  and  F o s te r  (1961) n o te d  in c o r p o r a -
18
t i o n  o f  0 i n t o  c e l l s  o f  C and ida  l i p o l y t i c a  grown on h y d ro c a rb o n s .
The c a s e  f o r  a n a e ro b ic  d e c o m p o s itio n  o f  o i l  i s  n o t  w e l l  d o cu ­
m en ted . E k z e r ts e v  (1 9 5 8 ), h ow ever, d e m o n s tra te d  t h a t  a n a e ro b ic  decom­
p o s i t i o n  o f  o i l  o c c u r re d  in  th e  p re s e n c e  o f  f ra g m e n te d  c o re s  from  o i l  
p r o d u c t iv e  h o r iz o n s .  Gas fo rm a t io n  was o b se rv e d  and  th e  p r i n c i p a l  
g a s e s  w ere  i d e n t i f i e d  a s  m ethane and  c a rb o n  d io x id e .  The m ic r o b ia l  
a g e n ts  w ere n o t  i d e n t i f i e d ,  b u t  t h i s  a c t i v i t y  p ro b a b ly  was th e  r e s u l t  
o f  m ixed p o p u la t io n s  r a t h e r  th a n  a s i n g l e  o rg a n ism .
Z oB ell and P rokop  (1966) d e m o n s tra te d  t h a t  mud sam ples from  
B a r a t a r i a  Bay c o n ta in e d  o rg a n ism s  c a p a b le  o f  a n a e r o b ic a l ly  o x id iz in g  
m in e ra l  o i l .  The p r o d u c t io n  o f  s u l f i d e s  s u g g e s te d  t h a t  s u l f a t e s  w ere 
b e in g  re d u c e d  in  th e  o x y g e n a tio n  o f  h y d ro c a rb o n s , and t h a t  D e s u lf o v ib r io  
p la y e d  some r o l e  i n  t h i s  a n a e ro b ic  o x id a t io n  o f  h y d ro c a rb o n s . The work 
o f  P o s tg a te  (1959) s u g g e s te d  th e  i n a b i l i t y  o f  m o st D e s u lf o v ib r io  sp p . 
i n  p u re  c u l t u r e  t o  d e g ra d e  s p e c i f i c  h y d ro ca rb o n  compounds w ith  s u l f a t e  
a s  th e  e l e c t r o n  a c c e p to r .  T hus, Z oB e ll and P ro k o p 's  o b s e r v a t io n  m ig h t 
be a t t r i b u t e d  to  th e  a c t i o n  o f  a  m ixed a n a e ro b ic  m ic r o b ia l  f l o r a  
r a t h e r  th a n  to  a  s i n g l e  o rg a n ism  (Z o B e ll, 1 9 6 9 ).
More r e c e n t l y ,  I i d a  and I iz u k a  (1970) d e m o n s tra te d  a n a e ro b ic  
fo rm a tio n  o f  n_- d e c y l  a lc o h o l  from  r^ -decene-1  by  r e s t i n g  c e l l s  o f  
C and ida  r u g o s a . T h is  and  p re v io u s  o b s e r v a t io n s  ( I iz u k a  e t  a l . ,  1969; 
I iz u k a  e t  a l . ,  1968) o f  r^-decene-1  a s  an  in te r m e d ia te  i n  th e  breakdow n 
o f  n -d e c a n e  c l e a r l y  s u g g e s ts  an  a l t e r n a t i v e  to  a e r o b ic  o x id a t io n .  The 
pathw ay  in v o lv in g  d e h y d ro g e n a tio n  to  th e  a lk e n e  and  a n a e ro b ic  o x id a t io n  
to  d e c y l  a lc o h o l  was o p e r a t i v e  i n  t h i s  o rg a n ism . A lco h o l fo rm a tio n
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u n d e r  a n a e ro b ic  c o n d i t io n s  was found  to  b e  2 -3  tim e s  g r e a t e r  th a n  
am ounts form ed u n d e r a e r o b ic  c o n d i t io n s .
T e m p e ra tu re . — H ydrocarbon  d e g r a d a t io n  may o c c u r  o v e r  a w ide 
ra n g e  o f  te m p e ra tu r e s .  E n v iro n m en ta l b io d e g ra d a t io n ,  ho w ev er, i s  com­
p l i c a t e d  by a  number o f  n o n - b io lo g ic a l  f a c t o r s ,  su ch  a s  e v a p o r a t io n ,  
d i s p e r s i o n ,  s o l u b i l i t y ,  s p r e a d in g ,  and e m u l s i f i c a t i o n ,  a l l  o f  w hich  
may b e  te m p e ra tu re  d e p e n d e n t. M ost l a b o r a to r y  s t u d i e s ,  how ev er, have 
b een  c o n d u c te d  i n  th e  20-30  C r a n g e ,  w here r a p id  d e g r a d a t io n  o c c u r s .  
K lug and M arkovetz  (1967a) and  M a te le s  e t  a l .  (1967) h av e  o b s e rv e d  th e  
g ro w th  o f  th e rm o to le r a n t  s p e c ie s  o f  C andida and B a c i l l u s  on h y d ro c a r ­
bons a t  70 C. Z oB ell and A g o s ti  (1972) and  Z oB ell (1973b) have r e ­
p o r te d  th e  d e g ra d a t io n  o f  h y d ro c a rb o n s  below  0 C. G unkel (1967) showed 
re d u c e d  d e g r a d a t io n  r a t e s  a t  low te m p e ra tu r e s .
K inney e t  a l .  (1969) c o n c lu d e d  t h a t  b io d e g ra d a t io n  was th e  
m a jo r  a g e n t  i n  th e  Cook I n l e t ,  w here te m p e ra tu re s  r a r e l y  re a c h e d  5 C. 
R a te s  o f  d e g r a d a t io n  a t  5 C w ere sev en  t im e s  low er th a n  r a t e s  a t  10 C. 
A t la s  and  B a rth a  (1972c) n o te d  lo n g e r  la g  p h a se s  i n  a d d i t i o n  to  r e ­
duced  g ro w th  r a t e s  a t  low er te m p e ra tu r e s .  K a to r e t  a l .  (1971) found  
t h a t  p a r a f f i n  o x id a t io n  r a t e s  d o u b le d  w ith  a  10 C r i s e  i n  te m p e ra tu r e .
N u t r i e n t s . — N itro g e n  and p h o sp h o ru s  seem to  b e  th e  l i m i t i n g  
e le m e n ts  i n  e n v iro n m e n ta l b io d e g ra d a t io n  o f  c ru d e  o i l .  M ost o th e r  
e le m e n ts  K, Mg, F e , C a, w hich  m ig h t be  r e q u i r e d  a r e  i n  a d e q u a te  co n ­
c e n t r a t i o n s  i n  m o st e n v iro n m e n ts . Im e lik  (1948) r e p o r te d  t h a t  p h o s ­
p h o ru s  e n ric h m e n t was n e c e s s a ry  f o r  g ro w th  o f  Pseudom onas a e ru g in o s a  
on h y d ro c a rb o n s . The a d d i t io n  o f  magnesium a l s o  gave  b e n e f i c i a l
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e f f e c t s .
G unkel (1967) r e p o r t e d  enhanced  b io d e g r a d a t io n  o f  o i l  when
c u l t u r e s  w ere  su p p lem en ted  w i th  p h o s p h a te s  and  ammonium c h l o r i d e .
L e P e t i t  and  B arth e lem y  (1968) fou n d  s i m i l a r  e f f e c t s  w ith  n i t r o g e n  and
p h o sp h o ru s  s u p p le m e n ta t io n ,  w i th  r a p id  u t i l i z a t i o n  o f  n i t r o g e n  b e tw een
th e  seco n d  and  f i f t h  d a y s ,  c o r re s p o n d in g  to  th e  p e r io d  o f  m axim al o i l
l o s s .  A t la s  and  B a r th a  (1972b) e x t e n s iv e ly  s tu d i e d  th e  l i m i t a t i o n  o f
- 2
o i l  d e g r a d a t io n  by n i t r o g e n  and  p h o sp h o ru s . A d d it io n  o f  10 M n i t r a t e  
-4and  3 .5  x 10 M p h o sp h a te  in c r e a s e d  b io d e g r a d a t io n  from  3 to  70% and  
m i n e r a l i z a t i o n  from  1 t o  42%.
G unkel (1967) o b s e rv e d  t h a t  a d d i t i o n  o f  p e p to n e  i n h i b i t e d  d eg ­
r a d a t i o n  o f  c ru d e  o i l .  When p e p to n e  o r  p e p to n e  and  y e a s t  e x t r a c t  was 
ad d ed , th e  i n i t i a l  r a t e  o f  o i l  d e g r a d a t io n  was a f f e c t e d .  However, 
a f t e r  8 w eeks, th e  t o t a l  o i l  d eg rad e d  was co m p arab le  to  th e  am ount 
l o s t  i n  u n su p p lem en ted  m e d ia . L e P e t i t  and B arth e lem y  (1968) a l s o  
o b se rv e d  i n h i b i t i o n  by p e p to n e . T hese o b s e r v a t io n s  s u g g e s t  t h a t  a l ­
th o u g h  c ru d e  o i l  i s  th e rm o d y n a m ic a lly  p r e f e r a b l e ,  i t  i s  n o t  m e ta b o liz e d  
i f  o th e r  e n z y m a tic a l ly  l e s s  com plex s u b s t r a t e s  a r e  a v a i l a b l e .  A r e ­
sp o n se  s im i l a r  to  d ia u x ie  a p p e a rs  to  be  in v o lv e d  when o th e r  s u b s t r a t e s  
a r e  p r e s e n t .
S u r fa c e  A re a . — W ater a p p e a rs  to  be e s s e n t i a l  to  th e  d e g r a d a t io n  
o f  c ru d e  o i l .  H i l l  (1968) h as  d e m o n s tra te d  t h a t  d ry  k e ro s e n e  was 
l e t h a l  to  s p e c ie s  o f  N o ca rd ia  and  Pseudom onas w i th in  a  few h o u rs  and  
C lad o sp o riu m  r e s i n a e  w i th in  a few d a y s . Cooney e t  a l .  (1968) n o te d  
t h a t  i s o l a t e s  o f  Pseudom onas a e ru g in o s a  and  a Hormodendrum s p . (?) w ere 
n o t  a b l e  to  grow w ith o u t a w a te r  p h a se . P i l p e l  (1968) o b se rv e d  t h a t
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o i l  i n  w a te r  e m u ls io n s  and  a  t h i n  l a y e r  o f  o i l  on w a te r  w ere  m ore 
r a p i d l y  d e g ra d e d . I n c r e a s in g  th e  s u r f a c e  a r e a  o f  o i l - w a t e r  i n t e r f a c e  
ca n  h av e  many b e n e f i c i a l  e f f e c t s ,  among w h ich  a r e  th e  f o l lo w in g :
1) in c r e a s e s  le a c h in g  o f  s o lu b le  ( u s u a l ly  t o x i c )  h y d ro c a rb o n s
2) i n c r e a s e s  th e  a v a i l a b i l i t y  o f  n u t r i e n t s
3) a i d s  p e n e t r a t i o n  o f  oxygen
4) i n c r e a s e s  a r e a  a v a i l a b l e  f o r  m ic r o b ia l  a t t a c k
5) i n c r e a s e s  th e  rem o v a l o f  to x i c  o r  i n h i b i t o r y  m e ta b o lic  p r o d u c ts .
A r t i f i c i a l  Enhancem ent o f  B io d e g ra d a tio n
Z o B e ll (1969) s u g g e s te d  t h a t  m ic ro o rg a n ism s  m ig h t b e  u se d  to  
enhance  d e g r a d a t io n  o f  p o l l u t i n g  o i l s  i n  a r e a s  w here c o n v e n t io n a l  
m ethods o f  rem o v a l w ere n o t  f e a s i b l e .  M ig e t e t  a l .  (1969) s tu d ie d  th e  
f e a s i b i l i t y  o f  s e e d in g  m ic r o b ia l  c u l t u r e s  on o i l - p o l l u t e d  w a te r s .  The 
l i m i t i n g  f a c t o r s ,  a s  p r e v io u s ly  m e n tio n e d , a p p e a re d  to  be n i t r o g e n  and 
p h o sp h o ru s  c o n c e n t r a t i o n s .  M ost schem es o f  " se e d in g "  o i l  s p i l l s  have 
p ro v id e d  f o r  some a d d i t i o n a l  s o u rc e s  o f  th e s e  e le m e n ts .  R obichaux  and 
M yrick  (1972) d e m o n s tra te d  t h a t ,  i n  a d d i t i o n  to  m ixed m ic r o b ia l  in o c u la ,  
v a r io u s  c h e m ic a l d i s p e r s a n t s  c o u ld  h a s te n  th e  d e s t r u c t i o n  o f  o i l  p o l ­
l u t a n t s .  A t la s  and B a r th a  (1973b) e s t a b l i s h e d  th e  e f f e c t i v e n e s s  o f  
o l e o p h i l i c  n i t r o g e n  and  p h o sp h o ru s  s o u rc e s  i n  e n h an c in g  b io d e g ra d a t io n  
o f  o i l .  P a r a f f i n i z e d  u r e a  and o c ty lp h o s p h a te s  gave  g r e a t e r  d e g r a d a t io n  
o f  o i l  i n  e n v iro n m e n ta l s im u la t io n  t e s t s .  I t  was a l s o  shown t h a t  th e  
o l e o p h i l i c  n a tu r e  o f  th e s e  compounds d id  n o t  s t im u la t e  a l g a l  d e v e lo p ­
m en t, a s e r io u s  p ro b lem  w ith  w a te r - s o lu b le  n i t r o g e n  and p h o sp h o ru s  
s o u r c e s .
MATERIAL AND METHODS
S e v e ra l  r e l a t e d  s tu d ie s  w ere d e v e lo p e d  to  e s t a b l i s h  th e  e f f e c t s  
o f  c ru d e  o i l  on  th e  m arsh  sy s te m . The i n i t i a l  p h a se  in v o lv e d  m o n i to r ­
in g  o f  th e  in. s i t u  m ic r o b ia l  ch an g es  fo l lo w in g  c ru d e  o i l  i n t r u s i o n .
The seco n d  s t e p  in c lu d e d  p h y s io lo g ic a l  s t u d i e s  o f  h y d r o c a r b o n o c la s t ic , 
c e l l u l o l y t i c ,  and p r o t e o l y t i c  m ic ro o rg a n ism s . L a s t ly ,  th e  t o x i c i t y  o f  
c ru d e  o i l  tow ard  th e  m a rs h g ra s s ,  S p a r t in a  a l t e r n i f l o r a , was exam ined .
C o l l e c t io n  P ro c e d u re
C o l le c t io n  te c h n iq u e s  have been  e la b o r a te d  in  p r e v io u s  w orks 
(M eyers e t  a l . ,  1970) and w i l l  o n ly  be b r i e f l y  d is c u s s e d  h e r e .  A ppro­
p r i a t e  s e d im e n t was ta k e n  a s e p t i c a l l y  w ith  a m e ta l  s p a tu l a  and p la c e d  
i n  s t e r i l e  p e t r i  p l a t e s .  Each sam ple was a c t u a l l y  a c o m b in a tio n  o f  
10-12  s m a l le r  a l i q u o t s ,  random ly ta k e n  from  w i th in  th e  s i t e .  P e t r i  
p l a t e s  w ere t r a n s f e r r e d  to  s t e r i l e  w h ir l-p a k  bags and s to r e d  in  an  ic e  
c h e s t  f o r  r e t u r n  to  la b o r a to r y  (w ith in  24 h r s ) . S am pling  s t a t i o n s  
w e re :
1) O il  r e t e n t i o n  p l o t s  and c o n t r o l  m arsh  lo c a te d  a t  th e  e n t r a n c e  
to  A irp la n e  Lake (F ig s . 1 and 2 ) .  The o i l  p l o t s  w ere e s t a b ­
l i s h e d  in  November 1970 and w ere t r e a t e d  w ith  250 ml o f  o i l  
e ach  m onth f o r  n in e  m o n ths.
2) M artig an  P o in t  (F ig . 3 ) ,  a n  i s l a n d  lo c a te d  NW o f  G rand I s l e ,  
w hich r e c e iv e d  o i l  fo l lo w in g  a p ip e l i n e  b re a k  i n  B a r a t a r i a  P ass  
in  O cto b er 1972. S e v e ra l  a r e a s  o f  t h i s  i s l a n d  w ere  b u rn ed  by 
a u t h o r i t i e s  in  an  a t te m p t to  re d u c e  th e  o b v io u s  p re s e n c e  o f  
o i l  (F ig . 4 ) .
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F ig u re  1 . L o c a tio n  o f  o i l  p l o t s  n e a r  A irp la n e  L ake.
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F ig u re  3 . M a rtig a n  P o in t  sam p lin g  s t a t i o n  (X) and  l o c a t i o n  o f  
p i p e l i n e  b re a k  S ep tem ber 1972 (0 ) .
47
S 2 .-:P<
 ̂ x / 2
. _ ■- /̂r-ffr-1 • ■'•■’ ' , 3
.'!f :- U ! R E G A R B
1*1. P (. i r o 37
■ V 16 •! 0:J-. ,  '  IC.IU . •.
3  (,Vb B e d s : 2 C • •' - : 17 7- '15-  3
l4-
V *  * 2 - 4 ^ 2 ^
Wk Fi"E" -A -T  M  ih' 
^Ot- r. R 1 ?7Tr,2-'<‘ etb' , 
ft,'0'’-'"
9 “   o v^v
FI 4 s e c  2 5 m
M a r t i c i m  P i n
3\  iv<lr<‘ I
P a n j u n a  P i
5 h M k t f
/V 7 4 ^ 0 *
rowt n )/.
- /
^  3  V # .
- - '
S ^ V ’( i r n m l  I mI h
F ig u re  4 . M a rtig a n  P o in t  sam p lin g  s i t e s .
Top— S i t e  #1 Bottom — S i t e  #2

50
3) S e v e ra l  s i t e s  i n  o th e r  r e g io n s  o f  B a r a t a r i a  Bay w ere a l s o
sam pled  to  o b t a in  c o m p a ra tiv e  d a ta  on th e  o c c u r re n c e  o f  h y d ro -  
c a r b o n o c la s t i c  o rg a n ism s  (F ig s .  5 and  6 ) .
A t a l l  l o c a t io n s  n o t  t r e a t e d  w ith  o i l ,  v i s u a l  o b s e r v a t io n s  w ere made 
to  e s t a b l i s h  th e  p r e s e n c e  o f  o i l  i n  s e d im e n t.  The s t r a t i g r a p h i c  r e l a ­
t i o n s h i p  o f  o i l  w i th in  s e d im e n t p r o f i l e  was d e te rm in e d  by  ta k in g  2  f t  
c o re  sam p le s  a t  th e  M a rtig a n  P o in t  s t a t i o n  on s e v e r a l  o f  th e  m o n th ly  
c o l l e c t i o n  t r i p s .  A l l  s t a t i o n s ,  p a r t i c u l a r l y  th o s e  a f f e c t e d  by  b u rn ­
in g ,  w ere sam pled  m o n th ly  (w e a th e r  p e r m i t t in g )  from  December 1972 to  
J u ly  1973.
E n u m era tio n  T ec h n iq u es
S e r i a l  d i l u t i o n s  o f  1 gm o f  se d im e n t w ere p re p a re d  in  s t e r i l e  
s e a w a te r  b la n k s .  S eaw a te r  was u sed  a s  th e  d i l u e n t  f o r  a l l  e n u m e ra tio n s  
and  p h y s io lo g i c a l  s t u d i e s .  T hese d i l u t i o n s  w ere u sed  t o  en u m era te  th e  
fo llo w in g  g ro u p s  o f  o rg a n ism s : 1 ) h e t e r o t r o p h ic  b a c t e r i a ,  2 ) t o t a l
y e a s t s ,  3) c e l l u l o l y t i c  b a c t e r i a ,  4) c e l l u l o l y t i c  fu n g i  (b o th  y e a s t s  
and m o ld s ) , 5) p r o t e o l y t i c  b a c t e r i a ,  6 ) p r o t e o l y t i c  f u n g i ,  7) h y d ro -  
c a r b o n o c la s t i c  b a c t e r i a ,  and  8 ) h y d r o c a r b o n o c la s t ic  f u n g i .  A ll  d e t e r ­
m in a t io n s  w ere o f  a e r o b ic  o rg an ism s  o n ly ,  b e c a u se  o f  t h e i r  more r a p id  
m e ta b o lism . E a r l i e r  work o f  B aldw in (1922) i n d i c a t e d  no change in  
a n a e ro b ic  a c t i v i t y  due to  o i l .  F u r th e rm o re , th e  u p p erm o st o x id iz e d  
l a y e r  a p p e a rs  to  be th e  more a c t i v e  b i o l o g i c a l  zo n e .
E n um era tion  o f  t o t a l  h e t e r o t r o p h ic  b a c t e r i a  was by  th e  sp re a d  
p l a t e  te c h n iq u e  u s in g  M arine  Agar 2216 ( D if c o ) . A l l  d e h y d ra te d  m edia 
u sed  in  t h i s  s tu d y  w ere D ifc o  p ro d u c ts  u n le s s  o th e rw is e  n o te d . The 
fo rm u la t io n s  o f  a l l  o th e r  m edia u t i l i z e d  a r e  l i s t e d  in  A ppendix A in  
a l p h a b e t i c a l  o r d e r .
F ig u re  5 . L o c a tio n  o f  sam p lin g  s t a t i o n s  w i th in  B a r a t a r i a  Bay.
52
n i u i m o n  s  I ,
i: ’f c ' M V . y ' .
x & M ; : .
.* (^ V T K i\ V  3 5 '3 ''&->*> * t a'' I
3" 5 ;ir-v. •~~a- 5 /. /. lyt^( A_ '> ./ -* l
5 5 » V
J 3 3 _ t «5 * r 3"?r>\ 0 / *
4 4 "  ̂*0
*  i  ?**  5
8 « i « r d « r  (  '~'~ -s. ***•
, f  1 n 4,«c in r» "
K ^
5  yl R
s  ‘
, C Y j * }C ^f| R J i . t c  17M"?«*3 * J <1 “
•: y ^ r :  .  ^v U  I c. -.>'-4 *i*o *W W „V4’3 VMilhii. o «.
P 4fOlI ,/
5 G ran d
> n r j r
Crtnlt anjf
1 !*i”18 
R « » <  flaaaa
y/ojid
! '•  I««n P i
y.r vi
NArf/a7frr/ '1 JO'' "? 5
' \> ? t  y . 5 • » » 1
".Vi   -‘ - “ 5  _____'------ ill J
0/i y»tf;
U V * / ( ' / - i f i ' U ' / n r  l l . i r  ?
I f f y  V 
J t t  \  ’VS* :
v '•'££>. .
, 1- &  <' ?P; /f-. \*. - , ■ • ’ ■ ' /
f\ 3 ^ ' & L *  '. "y- » . /- i > . j j f y i i iA  , , - - /•
:  • •  3 , . v• 3>.......... • y - -r  4,' , V<\ ^ Z l ■ ,,hrJ * - * 1 1 /  , / r.r** _
4J -' f i r ' l l  <{ • -<■ ■ „ • "  3/ ^ r '£‘ .' * r -'KviiirA.vr) . >7 s 1 ( / *
,  | / ' « „  / A  i i , '■  <■ ■ 1 ^  1 ...............................  r  , ,
J v '  * ^  /  3 ■|0 13 3* 1 . 3 V.. t 5*""-.iV\/ J \1U   W ' , 1







F ig u re  6 . B a r a t a r i a  Bay sam p lin g  s i t e s .
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P o p u la t io n s  o f  y e a s t s  w ere e v a lu a te d  u s in g  th e  c e l l u l o s e  a c e ­
t a t e  membrane te c h n iq u e .  D i lu t io n s  w ere f i l t e r e d  th ro u g h  s t e r i l e  
0 .4 5  m ic ro n  p o r o s i t y  m em branes (M il l ip o re  C o r p o r a t io n ) ,  th e  f i l t e r  was 
th e n  a s e p t i c a l l y  im p la n te d  on Ml2a a g a r  (se e  A p p e n d ix ) . P l a t e s  w ere 
in c u b a te d  a t  15 C a t  w hich  te m p e ra tu re  f i la m e n to u s  f u n g i  g row th  i s  
s u f f i c i e n t l y  r e s t r i c t e d  to  p e rm i t  e n u m e ra tio n  o f  y e a s t  c o lo n ie s .  Num­
b e r s  o f  c e l l u l o l y t i c  b a c t e r i a  w ere e s t im a te d  by  a  m o d if ie d  MPN te c h ­
n iq u e .  The m ed ia  d e s ig n a te d  CMC-MPN (se e  A ppendix) c o n ta in e d  c a rb o x y -  
m e th y lc e l lu lo s e  (CMC) a s  s o le  c a rb o n  s o u rc e .  D i lu t io n s  w ere ju d g ed  
p o s i t i v e  i f  th e y  e x h ib i te d  a  re d u c e d  v i s c o s i t y  when com pared to  u n in ­
o c u la te d  c o n t r o l s .  A c a l i b r a t e d  p a s te u r  p i p e t t e  was u se d  to  d e te rm in e  
v i s c o s i t y  by m e asu rin g  flo w  r a t e .  CMC-MPN's w ere d e te rm in e d  a f t e r  7 
d ay s  in c u b a t io n  a t  room te m p e ra tu re  (ab o u t 22 C ) . C e l l u l o l y t i c  fu n g i  
w ere  en u m era ted  u s in g  a  m o d i f ic a t io n  o f  CMC-MPN a c i d i f i e d  to  pH 4 .5  
w ith  0 .1  N HC1 (CMC -MPN, s e e  A p p e n d ix ) .
C o n c e n t r a t io n s  o f  p r o t e o l y t i c  b a c t e r i a  w ere c a l c u l a t e d  u s in g  
Skim M ilk  a g a r  (SK) by th e  p o u r p l a t e  m ethod . P l a t e s  w ere in c u b a te d  
a t  25 C f o r  3 d a y s .  P r o t e o l y t i c  f u n g i  w ere enu m era ted  u s in g  an  a c i d i ­
f i e d  v e r s io n  o f  above medium (pH 4 .5 )  d e s ig n a te d  SK (se e  A p p en d ix ).cl
A ppearance  o f  a  t r a n s p a r e n t  zone in d i c a t e d  p re s e n c e  o f  p r o t e o l y s i s .
H y d ro c a rb o n o c la s t ic  b a c t e r i a  w ere d e te rm in e d  in  a MPN medium 
s i m i l a r  t o  t h a t  d e s c r ib e d  by G unkel (1 9 6 9 ). The medium, HC-MPN, was 
in c u b a te d  a t  room te m p e ra tu re  on  a  r o l l e r  drum (Model TC-5 New B ru n s­
w ick S c i e n t i f i c )  a t  a p p ro x im a te ly  60 rpm to  in s u r e  a e r a t i o n  o f th e  
l i q u i d .  M ost p ro b a b le  num bers o f  h y d ro ca rb o n  u t i l i z e r s  w ere a s c e r ­
t a in e d  a f t e r  30 d ay s  in c u b a t io n .  The lo n g  in c u b a t io n  was n e c e s s a ry
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b e c a u se  o f  th e  la g  p e r io d  e n c o u n te re d  i n  m o st o rg a n ism s  upon t r a n s f e r  
t o  h y d ro c a rb o n s . H y d r o c a r b o n - u t i l iz in g  f u n g i  w ere en u m era ted  w ith  
c ru d e  o i l  medium a c i d i f i e d  to  pH 4 .5  w ith  0.1N  HC1 (HC -MPN, s e e  Ap-d
p e n d ix ) .
P l a t e s  o f  c ru d e  o i l  a g a r  (CO, s e e  A ppendix) w ere in o c u la te d  to  
e s t a b l i s h  th e  d i v e r s i t y  o f  h y d ro c a rb o n  u t i l i z e r s .  H ydrocarbon  and 
c e l l u l o s e  e n r ic h m e n t m edia (HEB, HEF, CEB, CEF, s e e  A ppendix) w ere 
in o c u la te d  from  th e  lo w e s t d i l u t i o n  o f  each  sam ple ( 1 :1 0 0 ) .  E n r ic h ­
m ent c u l t u r e s  and o th e r  sh ak e  c u l t u r e s  th ro u g h o u t th e  s tu d y  w ere  in c u ­
b a te d  on a  r o t a r y  s h a k e r  (E derbach  C o rp o ra tio n )  a t  a p p ro x im a te ly  120 
s t r o k e s  p e r  m in u te  u n le s s  o th e rw is e  s t a t e d .  I t  was n e c e s s a ry  t o , a g i ­
t a t e  c u l t u r e s  to  in s u r e  s u f f i c i e n t  a e r a t i o n  f o r  g ro w th  in  th e s e  l a r g e  
v o lu m es . E n rich m en t f l a s k s  w ere in c u b a te d  a t  room te m p e ra tu re  (22 C ) . 
A f te r  in c u b a t io n  o rg an ism s  w ere i s o l a t e d  and  c h a r a c te r i z e d  a s  d e s c r ib e d  
b e lo w .
I s o l a t i o n  and  P re l im in a ry  C h a r a c te r i z a t i o n  
o f  C u l tu r e s
Upon c o m p le tio n  o f  e n u m e ra tio n  o r  e n r ic h m e n t p ro c e d u re s  th e  
p re d o m in a n t o rg a n ism s  o f  th e  t h r e e  m e ta b o lic  ty p e s  to  be  s tu d ie d  w ere 
i s o l a t e d .  The i s o l a t e s  w ere r e - s t r e a k e d  to  in s u r e  p u r i t y .  S to c k  c u l ­
tu r e s  o f  b a c t e r i a  w ere s to r e d  on M arine a g a r  2216, y e a s t s  on M12 medium, 
and f i la m e n to u s  fu n g i  on Corn M eal A g ar. A ll  s to c k s  w ere s to r e d  a t  
10 C. A l l  c u l t u r e s  i s o l a t e d  f o r  t h i s  s tu d y  w ere a s s ig n e d  a  M arine  
S c ie n c e s  (MS) p r e f i x  and a c o n s e c u t iv e  a c c e s s io n  number b e g in n in g  w ith  
201 f o r  b a c t e r i a ,  301 f o r  y e a s t s ,  and  401 f o r  f i la m e n to u s  f u n g i .  C u l­
t u r e s  o b ta in e d  from  o th e r  w o rk e rs  r e t a i n e d  t h e i r  o r i g i n a l  a c c e s s io n
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num bers o r  w ere  a s s ig n e d  a  p r e f i x  and number to  d e n o te  th e  s o u rc e  o f  
th e  c u l t u r e .  A tte m p ts  w ere made to  t e n t a t i v e l y  i d e n t i f y  a l l  i s o l a t e s  
to  genus l e v e l s .
P h y s ic a l  C h a r a c t e r i s t i c s
O rganism s w ere i n i t i a l l y  g ro u p ed  a c c o rd in g  t o  g r o s s  c o l o n ia l  
m orphology and  p ig m en t fo rm a t io n .  Gram s t a i n s  w ere p re p a re d  from  a l l  
b a c t e r i a  and  c e l l u l a r  m orphology was d e te rm in e d  u s in g  th e  h an g in g  d ro p  
s l i d e  te c h n iq u e  w ith  a w h ite  l i g h t  m ic ro sc o p e  (M-20, W ild M ic ro s c o p e ) . 
Y e a s ts  w ere exam ined on M12 medium f o r  c o l o n i a l  m orphology and pigm en­
t a t i o n .  C e l lu l a r  m o rp h o lo g y , i . e . ,  s i z e ,  s h a p e , b u d d in g , e t c . ,  was 
s tu d ie d  on w e t m ount s l i d e s  w ith  la c to p h e n o l  c o t to n  b lu e  s t a i n .  C o lo ­
n ie s  o f  y e a s t s  on Corn M eal a g a r  w ere in s p e c te d  f o r  a s c o s p o re  fo rm a­
t i o n .  Dalmau p l a t e s  o f  Corn M eal a g a r  w ere em ployed to  f u r t h e r  c h a ra c ­
t e r i z e  y e a s t  i s o l a t e s .
F ila m e n to u s  fu n g i  w ere grown on Corn M eal a g a r  and  P o ta to  Dex­
t r o s e  a g a r  to  o b s e rv e  c o l o n i a l  m orphology and p ig m e n ta t io n .  C e l lu la r  
m orphology was s tu d ie d  u s in g  s l i d e  c u l t u r e  te c h n iq u e s  w ith  Corn Meal 
a g a r  medium. A c e ta te  ta p e  s l i d e s  w ere p re p a re d  t o  f a c i l i t a t e  th e  ob­
s e r v a t i o n  o f  s p o re s  and r e p r o d u c t iv e  s t r u c t u r e s  n e c e s s a ry  to  c l a s s i f y  
f i la m e n to u s  f u n g i .
B io c h em ica l A c t i v i t y
A ll  c u l t u r e s  w ere r o u t i n e l y  exam ined f o r  th e  p re s e n c e  o f  e x t r a ­
c e l l u l a r  p r o te a s e s  and l i p a s e s .  The a b i l i t y  t o  m e ta b o liz e  h y d ro c a r ­
b o n s , and c a rb o x y m e th y lc e l lu lo s e  was a l s o  t e s t e d .  P ro te a s e  a c t i v i t y  
was e v a lu a te d  on SK medium a f t e r  in c u b a t io n  f o r  24 h o u rs  a t  25 C f o r
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b a c t e r i a  and  48 h o u rs  a t  20 C f o r  f u n g i .  P re s e n c e  o f  a  c l e a r in g  zone 
a ro u n d  c o lo n ie s  o r  s t r e a k s  was i n d i c a t i v e  o f  p r o t e o l y t i c  a c t i v i t y .  
L i p o l y t i c  sy s tem s  w ere  d e m o n s tra te d  on a  medium c o n ta in in g  e m u ls i f ie d  
W esson o i l  (LM, s e e  A p p e n d ix ) . C le a r  zones a ro u n d  c o lo n ie s  o r  s t r e a k s  
c o n f irm  th e  p r e s e n c e  o f  l i p a s e .  A b i l i t y  to  d e g ra d e  c a rb o x y m e th y lc e llu ­
lo s e  was d e m o n s tra te d  on CMC-MPN medium. C rude o i l  u t i l i z a t i o n  was 
m easu red  i n  th e  m in e ra l  medium, HC-MPN. C e l lu lo s e  d e g r a d a t io n  was ob­
s e rv e d  in  a  b r o th  c o n ta in in g  c e l l u l o s e  (Whatman #1) s t r i p s  d e s ig n a te d  
CS medium. C u l tu r e s  w ere s e l e c t e d  f o r  t h e i r  m e ta b o lic  a c t i v i t y  to  
a s s e s s  t h e i r  i n t e r a c t i o n s  w ith  c ru d e  o i l .
C rude O il  C h a r a c t e r i s t i c s
S e v e ra l  o f  th e  p h y s ic a l  and  c h e m ic a l c h a r a c t e r i s t i c s  o f  c ru d e  
o i l  sh o u ld  be  i n v e s t i g a t e d  p r i o r  to  any  b a s ic  e n v iro n m e n ta l o r  p h y s io ­
l o g i c a l  s tu d y .  The p a ra m e te r s  exam ined w ere e m u l s i f i c a t i o n ,  ch e m ic a l 
c o m p o s i t io n , and w e a th e r in g ,  i . e . ,  th e  rem oval o f  p a r t i c u l a r  compounds 
o r  f r a c t i o n s  from  c ru d e  o i l  by p ro c e s s e s  a c t i v e  i n  th e  e n v iro n m e n t. 
E m u ls i f i c a t io n ,  p a r t i c u l a r l y  th e  fo rm a tio n  o f  a w a t e r - i n - o i l  e m u ls io n , 
c a n  a f f e c t  o i l  s p r e a d in g ,  oxygen  and  n u t r i e n t  p e n e t r a t i o n ,  p h o to ­
o x id a t io n ,  a s  w e ll  a s  i t s  a v a i l a b i l i t y  t o  m ic ro o rg a n ism s . C hem ical 
c o m p o s itio n  d e te rm in e s  th e  t o x i c i t y  o f  th e  o i l  a s  w e ll  a s  i t s  b io -  
d e g r a d a b i l i t y . W ea th e rin g  can  s i g n i f i c a n t l y  a l t e r  th e  n a tu r e  o f  o i l  
s p i l l e d  i n  th e  m a rin e  e n v iro n m e n t. T h is  p ro c e s s  a l s o  in c lu d e s  th e  
s o l u b i l i z a t i o n  o f  low m o le c u la r  w e ig h t h y d ro c a rb o n s , e v a p o r a t io n ,  and 
l ig h t - in d u c e d  f r e e  r a d i c a l  r e a c t i o n s  a s  w e ll  a s  a u to o x id a t io n .
T h ree  c ru d e  o i l s ,  e x p re s s e d  o c c a s io n a l ly  a s  " c r u d e s ,"  w ere
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s e l e c t e d  f o r  th e  s tu d y .  L o u is ia n a  c ru d e  o i l  was u se d  b e c a u se  i t  was 
th e  o i l  to  w h ich  m ic r o b ia l  p o p u la t io n s  may have b een  ex p o sed  i n  th e  
e n v iro n m e n t. L o u is ia n a  c ru d e  o i l  i s  a  r e l a t i v e l y  " c le a n "  o i l  w ith  low 
h eav y  m e ta l  c o n t e n t ,  and  low s u l f u r  c o n te n t .  I t  i s  n o t  h ig h ly  a ro m a tic  
and  t h e r e f o r e  i s  l e s s  t o x i c .  L ig h t  A ra b ia n  c ru d e  o i l  i s  more a ro m a tic  
th a n  L o u is ia n a  c ru d e .  I t  was s e l e c t e d  c h i e f l y  b e c a u se  i t  would be im­
p o r te d  i f  th e  L o u is ia n a  o f f s h o r e  o i l  p o r t  (S u p e rp o r t)  w ere c o n s t r u c t e d .  
T ia ju a n a  c ru d e  i s  r i c h  i n  b o th  heav y  m e ta ls  and  a s p h a l t i c  com pounds, 
and  i s  t h e r e f o r e  c l a s s e d  a s  a  " d i r t y "  o i l .
E m u ls i f ic a t io n
E m u ls i f ic a t io n  was e s t im a te d  by ad d in g  10 ml o f  o i l  to  90 ml 
o f  s e a w a te r ,  th e  m ix tu re  was ex p o sed  to  s o n ic  v i b r a t i o n  ( S o n i f ie r  C e l l  
D is r u p to r ,  B ranson  S o n ic  Pow er, I n c . )  a t  s e t t i n g  9 f o r  one m in u te s .
The em u ls io n  was a llo w e d  to  s e t t l e  f o r  one h o u r , a f t e r  w h ich  th e  v o l ­
ume o f  th e  o i l  p h a se  was r e d e te rm in e d .  The p e rc e n ta g e  in c r e a s e  in  
volum e was i n d i c a t i v e  o f  th e  o i l ' s  a b i l i t y  to  a b s o rb  w a te r  o r  to  b e ­
come e m u ls i f ie d .
C hem ical C o m p o sitio n  o f  C rude O il
A n a ly s is  o f  f r e s h  c ru d e  o i l  was to  be  u se d  a s  b a s e l i n e  d a ta  
f o r  b o th  w e a th e r in g  and d e g r a d a t io n  s t u d i e s .  C rude o i l  (2 ml) was 
added  to  100 ml o f  s e a w a te r  i n  a 400 ml b e a k e r .  The m ix tu re  was ex­
t r a c t e d  w ith  hexane in  a  s e p a r a to r y  f u n n e l .  F ig u re  7 i s  a s c h e m a tic  
o f  th e  e x t r a c t i o n ,  f r a c t i o n a t i o n ,  and g r a v im e t r i c  a n a l y s i s  o f  th e  
c ru d e  o i l s  u sed  i n  t h i s  s tu d y .  The w a te r  p h a se  was rem oved , and  th e  
s o lv e n t  washed w ith  3 -50  ml p o r t i o n s  o f  s e a w a te r .  The e x t r a c t  was
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F ig u re  7 . S ch em atic  o f  e x t r a c t i o n  and s e p a r a t io n  o f  c ru d e  o i l  
and  c h ro m a to g ra p h ic  a n a l y s i s .
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o i l  p h a se  -
I
40 ml hexane
w a te r  and  w e a th e re d  o i l
I
-----------  s e p a r a t e  -------------- w a te r  p h ase
I
d is c a r d
*
w a te r  w ash ing
f
w a te r  p h a se
h ex an e  e x t r a c t
d r i e d  o v e r  Na„SO„ 2 4
I
c o n c e n tr a te d  to  20 ml
I
d iv id e d  i n  h a l f
f
10 ml a l i q u o t
I
t o t a l  H.C. g r a v im e t r i c  a n a l y s i s
10 ml
I
c o n c e n t r a te  t o  2 ml
♦
a l u m in a - s i l i c a  g e l  column
t50 ml hexane
hexane  f r a c t i o n  
(a lk a n e s )
T
*
50 ml ben zen e
J
50 ml CHC1. 
CH3°4 '
/
e v a p o ra te  to  2 ml
b en zen e  f r a c t i o n
e v a p o ra te  f o r  
g r a v im e tr i c  
a n a l y s i s  
( a ro m a t ic )
I
e v a p o ra te  f o r  
g r a v im e tr ic  
a n a l y s i s  
( a s p h a l te n e s )
1
g a s  c h ro m a to g ra p h ic  
a n a l y s i s
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d r i e d  w i th  an h y d ro u s  sodium  s u l f a t e ,  c o n c e n t r a te d  t o  20 ml i n  a  r o t a r y  
e v a p o ra to r  (B uchi C o rp o ra tio n )  u n d e r  vacuum a t  45 C. A 10 ml a l i q u o t  
was rem oved f o r  g r a v im e tr i c  a n a l y s i s  o f  t o t a l  h y d ro ca rb o n  c o n te n t .
The re m a in d e r  o f  th e  e x t r a c t  was c o n c e n tr a te d  to  1 .5  ml f o r  f r a c t i o n a ­
t i o n  by  colum n c h ro m a to g rap h y . The colum n (1 cm d ia m e te r  x 30 cm) was 
f i l l e d  t o  15 cm w ith  s i l i c a  g e l  a c t i v a t e d  a t  110 C f o r  24 h r s .  A p p ro x i­
m a te ly  2 cm o f  a c t i v a t e d  a lu m in a  was la y e r e d  o v e r  th e  s i l i c a  g e l .  The 
e x t r a c t  was p i p e t t e d  o n to  th e  co lum n, and  th e  f i r s t  f r a c t i o n  was 
e lu te d  w i th  50 m l o f  h e x a n e . The e l u a t e  was c o n c e n t r a te d  to  2 ml and 
p re p a re d  f o r  g a s  c h ro m a to g ra p h ic  a n a l y s i s .  The seco n d  f r a c t i o n  was 
e lu te d  w ith  50 ml o f  b e n z e n e . The b en zen e  was a llo w e d  t o  e v a p o ra te  
and  r e s i d u a l  w e ig h t d e te rm in e d . The l a s t  f r a c t i o n  c o l l e c t e d  from  th e  
colum n was e lu te d  w ith  a 50 /5 0  m ix tu re  o f  c h lo ro fo rm -m e th a n o l and 
r e s i d u a l  d e te rm in e d  g r a v i m e t r i c a l l y . Both o f  th e s e  f r a c t i o n s  c o n ta in  
num erous to x i c  compounds su ch  a s  p o ly c y c l ic  a ro m a tic s  and s u b s t i t u t e d  
p o ly c y c l i c s .  A lth o u g h  th e s e  f r a c t i o n s  w ere n o t  s tu d ie d  f u r t h e r  in  
t h i s  w ork , th e y  c e r t a i n l y  sh o u ld  be  th e  s u b je c t  o f  f u t u r e  i n v e s t i g a ­
t i o n .
Gas C hro m ato g rap h y . — The hexane  f r a c t i o n  from  colum n f r a c ­
t i o n a t i o n  was a n a ly z e d  by a  P e rk in -E lm e r 990 Gas C hrom atograph  w ith  
flam e  i o n i z a t i o n  d e t e c t o r .  S t a i n l e s s  s t e e l  colum ns (1 /1 6  i n .  I .D . ,
10 f t  lo n g ) w ere p acked  w ith  2% D e x s il 300 (A pp lied  S c ie n c e  L ab o ra­
t o r i e s )  on Chromosorb-W  a c id  w ashed DMCS t r e a t e d ,  and 10% OV-1 on th e  
same s u p p o r t .  S ta n d a rd  c o n d i t io n s  u se d  f o r  a l l  a n a ly s e s  a r e  summar­
iz e d  in  T a b le  1 . A m ix tu re  o f  p u re  h y d ro c a rb o n s  (A pp lied  S c ie n c e  
L a b o r a to r ie s )  c o n ta in in g  C ^ ,  C ^ ,  C ^ ,  C ^ ,  C ^ ,  C ^ ,  C ^ ,  C ^ ,  C2 8 ,
63
P a ra m e te rs
TABLE 1 
f o r  Gas C h ro m a to g rap h ic A n a ly s is
OV-1 D e x s il-3 0 0
C a r r i e r  g a s n i t r o g e n n i t r o g e n
C a r r i e r  flow 20 m l/s e c 20 m l/s e c
D e te c to r FID FID
I n j e c t i o n  te m p e ra tu re 350 C 400 C
M an ifo ld  te m p e ra tu re 350 C 400 C
Column te m p e ra tu re
i n i t i a l 100 C 100 C
f i n a l 300 C 350 C
Program  r a t e 6 C /m in 6 C /m in
I n i t i a l  h o ld 4 min 4 m in
F in a l  h o ld 16 min 16 min
C h a r t  speed 15 i n / h 15 in / h
I n j e c t i o n  volum e 1 VI 1 vi
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C32 was c h ro m a to g rap h ed  to  a i d  i n  th e  i d e n t i f i c a t i o n  o f  p eak s  i n  th e  
h ex an e  e x t r a c t  o f  c ru d e  o i l .  Peak a r e a  and r e t e n t i o n  tim e  w ere co n ­
t i n u o u s l y  m o n ito re d  and re c o rd e d  by a n  e l e c t r o n i c  i n t e g r a t o r  ( In f o -  
t r o n i c s  C o rp o ra tio n )  so  t h a t  q u a n t i t a t i v e  and q u a l i t a t i v e  co m p ariso n s  
c o u ld  b e  made.
C rude O il  W ea th e rin g
As d i s c u s s e d  e a r l i e r ,  w e a th e r in g  in v o lv e s  a  number o f  p ro ­
c e s s e s .  F re s h  o i l  (2 m l) was added  to  100 ml s e a w a te r  f o r  w e a th e r in g .  
L a rg e  b e a k e rs  w ere  u se d  to  m axim ize th e  am ount o f  l i g h t  r e a c h in g  th e  
o i l ,  and  to  a l lo w  f o r  a i r  c i r c u l a t i o n .  C o n tro l  (0 -day ) sam p les  w ere 
e x t r a c t e d  and  a n a ly z e d  a s  d e s c r ib e d  a b o v e . A l l  o th e r  b e a k e rs  w ere 
p la c e d  on a  r o t a r y  s h a k e r  f o r  4 d a y s .  The c u l t u r e s  w ere th e n  rem oved, 
e x t r a c t e d ,  f r a c t i o n a t e d ,  a n a ly z e d  by g r a v im e tr i c  and g as  ch ro m a to ­
g r a p h ic  m e th o d s , a c c o rd in g  to  th e  p ro c e d u re s  d is c u s s e d  ab o v e .
B io c h em ica l A c t i v i t y
C e l l u l o l y t i c ,  p r o t e o l y t i c ,  and h y d r o c a rb o n o c la s t ic  o rg an ism s 
w ere s tu d ie d  i n  la b o r a to r y  c u l t u r e s  to  o b s e rv e  i n t e r a c t i o n s  w ith  c ru d e  
o i l .
Crude O il  U t i l i z a t i o n
I s o l a t e s  M S-209, MS-211, MS-228, FST-229, MS-309, MS-401, and 
MS-404 w ere s e l e c t e d  b e c a u se  o f  t h e i r  h y d ro c a rb o n o c la s t ic  a b i l i t y .  
G row th o f  th e s e  i s o l a t e s  was t e s t e d  a t  10 C, 20 C, and 30 C in  a 
m in e ra l  medium HC-MPN. A l l  c u l t u r e s  w ere  e x t r a c te d  a f t e r  4 d ay s  and 
a n a ly z e d  a s  p r e v io u s ly  d e s c r ib e d .
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The e f f e c t  o f  added  n o n -h y d ro c a rb o n  s u b s t r a t e s  was d e te rm in e d  
u s in g  HC-MPN a s  a  c o n t r o l  and  HC-MPN w ith  1% g lu c o s e  o r  0.5% c a rb o x y -  
m e th y lc e l lu lo s e  a s  a d d i t i v e s .  I s o l a t e s  M S-228, M S-309, and  MS-404 
w ere t e s t e d .  C u l tu r e s  w ere  e x t r a c te d  and a n a ly z e d  by th e  p r e v io u s ly  
e s t a b l i s h e d  m e th o d s . C om parisons o f  a d d i t i v e  v e r s u s  c o n t r o l  w ere 
b o th  q u a l i t a t i v e  and q u a n t i t a t i v e .
The n e x t  a s p e c t  o f  c ru d e  o i l  m e tab o lism  exam ined was th e  i n ­
c o r p o r a t io n  o f  o rg a n ic  compounds d i r e c t l y  w i th in  th e  o i l  p h a s e . B u ty l -  
am ine was ad d ed  to  c ru d e  o i l  a t  a c o n c e n t r a t i o n  o f  0.5% . T h is  co n ce n ­
t r a t i o n  o f  n i t r o g e n  i s  i n s i g n i f i c a n t  com pared to  c o n c e n t r a t io n s  in  
m in e ra l  medium. I t  was p o s tu l a t e d  t h a t  th e  p re s e n c e  o f  even t r a c e  
q u a n t i t i e s  o f  r e a c t i v e  a l k a l i n e  compounds w i th in  th e  c ru d e  o i l  m ig h t 
a l lo w  o rg a n ism s  to  d e v e lo p  m ore e x te n s iv e ly  by b u f f e r in g  th e  t o x i c i t y  
o f  f a t t y  a c id s  and by e l e v a t i n g  th e  pH. The e f f i c i e n c y  o f  h y d ro ca rb o n  
a d d i t i v e s  was m easured  a f t e r  g ro w th  o f  i s o l a t e s  f o r  4 d a y s . S ta n d a rd  
a n a ly s e s  by g a s  ch ro m a to g rap h y  and  g r a v im e tr i c  m ethods w ere p e rfo rm e d .
The f i n a l  f a c e t  o f  c ru d e  o i l  d e g r a d a t io n  i n v e s t i g a t e d  was th e  
e f f e c t  o f  " s e q u e n t i a l  s e e d in g "  on th e  r a t e  o f  o i l  m e ta b o lism . Sequen­
t i a l  s e e d in g ,  th e  a d d i t i o n  o f  a m ic r o b ia l  inocu lum  a t  s e v e r a l  d i f f e r ­
e n t  t im e s ,  c o u ld  overcom e th e  d e c re a s e d  h y d r o c a r b o n o c la s t ic  a c t i v i t y  
n o te d  a f t e r  2 d ay s  i n  many p re v io u s  r e p o r t s  (R e is f e ld  e t  a l . ,  1 9 7 2 ).
A c o n t r o l  f l a s k  o f  HC-MPN medium was in o c u la te d  w ith  a  c o n c e n tr a te d  
c e l l  s u s p e n s io n  o f  i s o l a t e s  MS-209, MS-228, M S-309, MS-401 and MS-404. 
The e x p e r im e n ta l  f l a s k  was in o c u la te d  w ith  MS-209 and MS-228 o n ly .
A f te r  24 h o u r s ,  i s o l a t e  MS-309 was added  to  th e  e x p e r im e n ta l  f l a s k .
A t 56 h o u rs  a f i n a l  inocu lum  o f  MS-401 and  MS-404 was in t ro d u c e d  in t o
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t h e  e x p e r im e n ta l  f l a s k .  C o n c e n tra te d  n i t r o g e n  and  p h o sp h o ru s  compounds 
w ere  ad d ed  to  b o th  f l a s k s  so  t h a t  th e s e  e le m e n ts  w ould n o t  l i m i t  
g ro w th . I t  can  b e  s e e n  t h a t  a f t e r  56 h o u rs  e q u iv a le n t  am ounts had 
b een  added  to  c o n t r o l  and e x p e r im e n ta l  f l a s k s .  In c u b a t io n  c o n tin u e d  
up to  4 d a y s , c u l t u r e s  w ere e x t r a c te d  and  a n a ly z e d  to  e s t a b l i s h  th e  
e f f e c t  o f  s e q u e n t i a l  s e e d in g .
P r o t e o l y t i c  A c t i v i t y
M S-203, M S-206, M S-208, MS-211, M S-216, MS-224, and  MS-405 
w ere t e s t e d  f o r  t h e i r  i n h i b i t i o n  by th r e e  ty p e s  o f  c ru d e s  s tu d ie d .  
I n i t i a l  s t u d i e s  w ere a c c o m p lish e d  u s in g  a  m o d i f ic a t io n  o f  th e  a n t i ­
b i o t i c  s e n s i t i v i t y  t e s t .  A c o n c e n t r a te d  s u sp e n s io n  o f  c e l l s  (0 .1  ml) 
was p ip e t t e d  o n to  M arine  Agar 2216 p l a t e s .  The inocu lum  was sp re a d  
e v e n ly  o v e r  th e  s u r f a c e  o f  th e  medium w ith  a D r ig a ls k y  s p a t u l a .  D isc s  
(0 .5  cm) s a t u r a t e d  w ith  c ru d e  o i l  w ere p la c e d  on  th e  s u r f a c e  o f  th e  
a g a r .  C u l tu r e s  w ere  exam ined a f t e r  24 and  48 h r s  o f  in c u b a t io n  a t  
20 C. Zones o f  g ro w th  i n h i b i t i o n  a p p e a r  a s  c l e a r  a r e a s  a ro u n d  th e  
d i s c s .
R e d u c tio n  o f  p r o t e o l y t i c  a c t i v i t y  o n -a -m o re  com plex s u b s t r a t e  
(skim  m ilk )  was m easu red  u s in g  a skim  m ilk  b r o th  (SKB, s e e  A p p e n d ix ) . 
D u p l ic a te  tu b e s  (one w ith  5% c ru d e  o i l  and a c o n t r o l )  w ere in o c u la te d  
w ith  d i l u t e  s u s p e n s io n s  o f  c e l l s .  R e d u c tio n  in  t u r b i d i t y  due to  p ro ­
t e o l y t i c  a c t i o n  on skim  m ilk  was m o n ito re d  u s in g  a  K lett-S um m erson  
c o lo r im e te r  w ith  a r e d  f i l t e r .  C u l tu r e s  w ere in c u b a te d  a t  25 C and 
t u r b i d i t y  was d e te rm in e d  a t  6 - h r  i n t e r v a l s  f o r  48 h o u rs .
C e l l u l o l y t i c  A c t i v i t y
S e v e r a l  m ethods w ere  u se d  t o  s tu d y  th e  e f f e c t s  o f  c ru d e  o i l  on 
c e l l u l o l y t i c  m ic ro o rg a n ism s . I n i t i a l  o b s e r v a t io n s  w ere made w ith  c a r -  
b oxym ethy l c e l l u l o s e  a s  th e  s u b s t r a t e .  C o n tro l  (CMC-MPN) and  e x p e r i ­
m e n ta l c u l t u r e s  (CMC-MPN w ith  5% c ru d e  o i l )  w ere in o c u la te d  w ith  d e n se  
s u s p e n s io n s  o f  c e l l u l o l y t i c  i s o l a t e s  (JB -1 , ATC-10677, M S-210, MS-211, 
M S-218, M S-405). M edia was in c u b a te d  a t  room te m p e ra tu re  on a  r o l l e r  
drum . V is c o s i ty  was d e te rm in e d  by  m ethods p r e v io u s ly  d e s c r ib e d  a t  
1 2 -h r  i n t e r v a l s  o v e r  4 d a y s .
M edia c o n ta in in g  c e l l u l o s e  s t r i p s  (CS, s e e  A ppendix) was u sed  
to  f u r t h e r  e s t a b l i s h  c ru d e  o i l  e f f e c t s  on c e l l u l o s e  d e g r a d a t io n .  Ex­
p e r im e n ta l  tu b e s  c o n ta in in g  5% c ru d e  o i l  and  c o n t r o l  tu b e s  w ith  no o i l  
w ere in o c u la te d  w ith  d e n se  s u s p e n s io n s  o f  i s o l a t e s  (MS-405, MS-210, 
JB -1 , and  JB -X ). Breakdown o f  c e l l u l o s e  s t r i p s  was v i s u a l l y  m o n ito re d  
i n  tu b e s  in c u b a te d  a t  room te m p e ra tu re  f o r  5 d a y s .
M ethods p r e v io u s ly  d e s c r ib e d  f o r  t o x i c i t y  s tu d i e s  w ere u sed  to  
f u r t h e r  e v a lu a te  p o s s i b l e  m o d i f ic a t io n  o f  c e l l u l o l y t i c  a c t i v i t y .  A 
g lu c o s e  medium (GYE, s e e  A ppendix) was s u b s t i t u t e d  f o r  M arine  Agar to  
a s c e r t a i n  th e  t o x i c i t y  o f  c ru d e  o i l  tow ard  c e l l u l o l y t i c  m ic ro o rg a n ­
ism s . I s o l a t e s  JB -1 , 10677, MS-210, MS-211, M S-218, and MS-405 w ere 
s e l e c t e d  f o r  t h i s  p h a se  o f  th e  s tu d y .
T o x ic i ty  o f  C rude O il  to  S p a r t in a
The u l t im a te  c o n s id e r a t io n  o f  c ru d e  o i l  i n  th e  e s tu a r i n e  ec o ­
sy stem  i s  th e  e v a lu a t io n  o f  p o s s i b l e  t o x i c i t y  to  S p a r t in a  a l t e r n i f l o r a , 
th e  p r im a ry  p ro d u c e r .  F o r t h i s  s tu d y  o n ly  one o f  th e  c ru d e s  ( l i g h t  
A rab ian ) was u s e d . I t  was s e l e c t e d  s in c e  i t  was th e  o i l  m ost l i k e l y
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to  be  r e c e iv e d  a t  th e  p ro p o sed  L o u is ia n a  o f f s h o r e  o i l  p o r t  (S uper­
p o r t )  .
Wooden fram es  1 m x 1 m w ere im bedded i n t o  th e  u p p e rm o st l a y e r  
o f  m arsh  se d im e n t and  f i r m ly  s e c u re d .  A l l  p l o t s  c o n ta in e d  r e l a t i v e l y  
s i m i l a r  d e n s i t i e s  o f  S p a r t in a  a l t e r n i f l o r a . A t o t a l  o f  n in e  a d j a c e n t  
p l o t s  w ere e s t a b l i s h e d  n e a r  th e  e n t r a n c e  to  Lake P a lo u rd e  (F ig . 8 ) .  
F iv e  o f  th e s e  t e s t  s i t e s  w ere l e f t  i n  t h e i r  n a t u r a l  s t a t e  (F ig , 9 a ) ;  
i n  th e  o th e r  f o u r ,  a l l  o f  th e  S p a r t in a  was rem oved by  c l ip p in g  
(F ig . 9 b ) .
C rude o i l  was w e a th e re d  f o r  2 and 7 d ay s  b e f o r e  a p p l i c a t i o n ,  
t o  s im u la te  th e  e n v iro n m e n ta l p ro c e s s e s  w hich  w ould a c t  i n  an  a q u a t i c  
s p i l l .  W ea th e rin g  c o n s i s te d  o f  s t i r r i n g  th e  o i l  i n  th e  p r e s e n c e  o f  
l a r g e  vo lum es o f  w a te r  (20 t im e s  o i l  volum e) i n  l a r g e  open  v e s s e l s  to  
p e rm i t  p a s s a g e  o f  l i g h t  and a i r .  The w a te r  p h a se  was rem oved a t  2 4 -h r  
i n t e r v a l s  t o  s im u la te  th e  n a t u r a l  le a c h in g  a c t i o n  o f  s e a w a te r .  B e fo re  
a p p l i c a t i o n  to  th e  t e s t  s i t e s ,  th e  w a te r  p h a se  was rem oved so  t h a t  th e  
more to x i c  w a te r  s o lu b le  f r a c t i o n s  w ould be a b s e n t .
The o i l  was a p p l ie d  to  th e  p l o t s  by u s in g  a  sm a ll h an d - 
o p e r a te d  c h ro m a to g ra p h ic  s p r a y e r  (250 ml v o lu m e ). In  a r e a s  w ith  
S p a r t i n a , o n ly  th e  b o tto m  few  in c h e s  o f  th e  s tem , up to  an  a v e ra g e  
h ig h  t i d e  m ark , w ere sp ra y e d  w ith  o i l .  A t a l l  t im e s ,  c a r e  was ta k e n  
to  a v o id  c o n ta m in a tin g  th e  le a v e s  b e c a u se  o f  th e  known d e l e t e r i o u s  
e f f e c t s  o f  t h i s  t r e a tm e n t  (B aker, 1 9 7 1 ). The se d im e n t a ro u n d  th e  
p l a n t s  was a l s o  c o a te d  w ith  o i l .  A ll  s i t e s ,  e x c e p t  c o n t r o l s ,  w ere 
t r e a t e d  w ith  250 ml o f  c ru d e  o i l .
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F ig u re  8 . L o c a tio n  o f  o i l  t o x i c i t y  s tu d y .
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F ig u r e  9 O i l  t o x i c i t y  t e s t  s i t e s .
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T a b le  2 i l l u s t r a t e s  t h e  t r e a t m e n t  r e c e i v e d  by ea c h  p l o t .  To 
a s c e r t a i n  d i f f e r e n c e s  i n  p l o t s ,  eac h  was p h o to g ra p h e d  w i th  c o l o r  s l i d e  
f i l m  (K bdachrom e-II)  and i n f r a r e d  f i l m  (Ektachrom e I n f r a - R e d ) . O i l -  
t r e a t e d  a r e a s  w ere  com pared w i th  c o n t r o l s  r e c e i v i n g  no o i l  to  d e t e r ­
m ine an y  t o x i c i t y .  P l o t s  w ere  m o n i to re d  o v e r  a  6-m onth p e r i o d  from 
e a r l y  w i n t e r  1973 to  e a r l y  s p r in g  1974.
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TABLE 2
T re a tm e n ts  f o r  O i l  T o x i c i t y  S tudy
Number T re a tm e n t
1 O-day w e a th e re d  (unw eathered  o i l )
2 2 -day  w e a th e re d
3 2 -d ay  w e a th e re d
4 7-d a y  w e a th e re d
5 c o n t r o l  (no o i l )
6 c l i p p e d  O-day
7 c l i p p e d  2-d a y
8 c l i p p e d  7 -d ay
9 c l i p p e d  c o n t r o l  (no o i l )
RESULTS AND DISCUSSION
M ic r o b i a l  P o p u la t io n s
T a b le  3 sum m arizes  d a t a  c o l l e c t e d  i n  s t u d i e s  o f  p r o t e o l y t i c ,  
c e l l u l o l y t i c ,  and  h y d r o c a r b o n o c l a s t i c  p o p u l a t i o n  l e v e l s  o f  m arsh  and 
o i l - t r e a t e d  s i t e s .  M ic r o b ia l  c o n c e n t r a t i o n s  a r e  e x p r e s s e d  a s  to
f a c i l i t a t e  c o m p ar iso n  and g r a p h ic  r e p r e s e n t a t i o n .  The te rm  " lo g "  w i l l  
be  u sed  th r o u g h o u t  t h i s  t e x t  t o  d e s i g n a t e  1°9^ q u n l e s s  o th e r w i s e  
s t a t e d .  A lth o u g h  t o t a l  p o p u l a t i o n  l e v e l s  a r e  com parab le  i n  o i l -  
t r e a t e d  and  n o n - o i l e d  ( c o n t r o l )  m a rsh ,  d i f f e r e n c e s  i n  r e l a t i v e  p r o p o r ­
t i o n s  o f  e a c h  p h y s i o l o g i c a l  ty p e  can  be n o te d .  These  a n o m a lie s  a r e  
b e s t  se e n  i n  g r a p h ic  r e p r e s e n t a t i o n s  (F ig s .  10, 11 , and 12) o f  th e  
e x t a n t  s e a s o n a l  f l u c t u a t i o n  i n  t h e  m i c r o b i a l  s t a n d in g  c r o p ,  i . e . ,  num­
b e r  o f  o rg a n is m s  p r e s e n t  a t  one  t im e .  I n  g ra p h s  and t a b l e s ,  and in  
d e s c r i p t i o n  o f  m a th e m a t ic a l  te rm s  i n  t h i s  t e x t ,  t h e  te rm s  h y d ro c a rb o n o ­
c l a s t i c ,  c e l l u l o l y t i c ,  and  p r o t e o l y t i c  have been  u sed  a s  synonyms f o r  
t h e  e x p r e s s io n s  h y d r o c a r b o n o c l a s t i c ,  p r o t e o l y t i c ,  and c e l l u l o l y t i c  
m ic ro o rg a n is m s .
In  c o n t r o l  m arsh  a r e a s  n e a r  A i r p l a n e  Lake , maximal b a c t e r i a l  
b iom ass  was n o te d  d u r in g  March ( log  = 8 .3 6 )  and June  ( lo g  = 8 . 6 0 ) .  
C o n c e n t r a t i o n s  o f  p r o t e o l y t i c  b a c t e r i a  v a r i e d  l i t t l e  d u r in g  th e  p e r io d  
o f  s t u d y .  Biomass o f  c e l l u l o l y t i c  b a c t e r i a  r e a c h e d  a peak  i n  F e b ru a ry  




P o p u la t io n s  o f  M ic ro o rg an ism s  i n  Marsh and  i n  Two 
O i l - T r e a t e d  P l o t s  from  A i r p l a n e  Lake S t a t i o n
1973
J a n Feb Mar May June J u l y
lo g  c o n c e n t r a t i o n s *
C o n t r o l
t o t a l 7 .7 2 7 .93 8 .3 6 7 .9 9 8 .6 0 7 .6 0
c e l l . 4 .9 7 6 .34 6 .1 5 5 .85 4 .3 6 6 .2 0
p r o t . 5 .7 8 6 .5 7 6 .4 5 6 .5 9 6 .3 0 6 .4 5
h y c . 5 .5 2 4 .7 8 5 .3 6 4 .8 9 3 .9 0 4 .23
O i l  P lo t -A
t o t a l 7 .73 8 .1 1 7 .8 5 7 .4 9 8 .1 1 7 .8 1
c e l l . 3 .8 9 5 .23 5 .1 5 4 .2 5 2 .95 5 .21
p r o t . 6 .0 8 6 .38 6 .3 0 6 .2 0 6 .6 0 6 .78
h y c . 6 .4 1 6 .34 3 .15 5 .89 6 .6 9 6 .4 5
O i l  P lo t - B
t o t a l 7 .8 4 8 .1 1 8 .3 2 7 .9 6 8 .1 8 7 .43
c e l l . 4 .2 2 5 .6 3 5 .49 5 .04 2 .85 5 .2 0
p r o t . 6 .1 8 6 .6 9 6 .4 8 6 .3 9 6 .8 1 6 .08
h y c . 6 .5 2 7 .2 0 6 .6 6 6 .5 0 7 .3 6 5 .60
* e x p re s s e d  i n  te rm s  o f  i°g^Q
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F ig u r e  12 . S e a s o n a l  f l u c t u a t i o n s  o f  m i c r o b i a l  p o p u l a t i o n  
o i l  p l o t  B, A i r p l a n e  Lake
T o t a l
C e l l u l o l y t i c s
P r o t e o l y t i c s
H ydrocarbon
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was a  d e c r e a s e  (one o r d e r  o f  m a g n itu d e )  i n  t h e  abundance  o f  b o th  
c e l l u l o l y t i c  and  h y d r o c a r b o n o c l a s t i c  o rg a n ism s  a t  t h e  June  s a m p l in g .  
C o n c e n t r a t i o n s  o f  p r o t e o l y t i c  t y p e s  d e c r e a s e d  s l i g h t l y .  T here  was a 
c o n c u r r e n t  i n c r e a s e  i n  t o t a l  b a c t e r i a l  b iom ass  by a p p ro x im a te ly  one 
o r d e r  o f  m a g n itu d e ,  s u g g e s t i n g  t h a t  a n o t h e r  ty p e  o f  o rg a n is m ,  i . e . ,  
n o n - c e l l u l o l y t i c ,  n o n - p r o t e o l y t i c , and  n o n - h y d r o c a r b o n o c l a s t i c ,  had 
a p p e a re d  i n  th e  p o p u l a t i o n .  T h is  o rg a n ism  i s  c a p a b le  o f  u t i l i z i n g  
p e p to n e  and  o t h e r  s u b s t r a t e s ,  su ch  a s  s im p le  c a r b o h y d r a t e s  and  low 
m o le c u la r  w e ig h t  p e p t i d e s ,  b u t  was n o t  o b s e rv e d  on o t h e r  more com plex 
m e d ia .  However, t h e  s p e c i f i c  m ic ro o rg a n is m  m ost l i k e l y  r e s p o n s i b l e  
f o r  t h e  i n c r e a s e  i n  t h e  t o t a l  p o p u l a t i o n  was n o t  i s o l a t e d .
Com parison w i th  o i l - t r e a t e d  a r e a s  showed s e v e r a l  n o t i c e a b l e  
d i f f e r e n c e s  i n  t h e  numbers o f  t h e  s e l e c t e d  p h y s i o l o g i c a l  t y p e s .  Maxi­
mal p o p u la t io n s  i n  o i l  p l o t  B w ere  o b s e rv e d  i n  March and  J u n e ,  s i m i l a r  
t o  t h e  c o n t r o l .  In  o i l  p l o t  A, t o t a l  b a c t e r i a l  b iom ass  was g r e a t e s t  
i n  F e b ru a ry  and J u n e .  S l i g h t  d i f f e r e n c e s  be tw een  t h e s e  p l o t s  a r e  
p ro b a b ly  due  t o  th e  l o c a t i o n  o f  o i l  p l o t  A i n  an  a r e a  w here  S p a r t i n a  
had b een  rem oved. An i n c r e a s e  o f  b o th  p r o t e o l y t i c  and h y d ro c a rb o n o ­
c l a s t i c  o rg a n ism s  i n  t h e  o i l  p l o t s  was o b s e rv e d  th r o u g h o u t  t h e  s tu d y .  
P o p u la t i o n s  o f  c e l l u l o l y t i c  m ic ro o rg a n is m s  w ere  l e s s  d e n s e  i n  o i l -  
t r e a t e d  a r e a s  th a n  i n  t h e  r e g u l a r  m a rs h .  I n  a d d i t i o n ,  th e  peak  ob­
s e rv e d  i n  June  was a p p a r e n t l y  due  to  i n c r e a s e s  i n  b o th  p r o t e o l y t i c  
and  h y d r o c a r b o n o c l a s t i c  t y p e s ,  r a t h e r  th a n  to  a n o t h e r  p h y s i o l o g i c a l  
ty p e  a s  o b s e rv e d  i n  n o n - o i l  t r e a t e d  m a rs h .  The m a jo r  d i f f e r e n c e s  
be tw een  o i l - t r e a t e d  and u n t r e a t e d  m arsh  a r e :  1) g r e a t e r  b iom ass  o f
h y d ro ca rb o n  u t i l i z e r s  i n  a r e a s  r e c e i v i n g  o i l ,  and 2) low er
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p o p u l a t i o n s  o f  c e l l u l o s e  u t i l i z e r s  i n  o i l - t r e a t e d  a r e a s .  T hese  d i s ­
s i m i l a r i t i e s  s u g g e s t  a  p r im a ry  e f f e c t  o f  c ru d e  o i l  i n t r u s i o n  a t  th e  
m i c r o b i a l  sy s tem  l e v e l ,  i . e . ,  a  r e d u c t i o n  i n  abundance  o f  c e l l u l o l y t i c  
m ic ro o rg a n ism s  and  t h e r e f o r e  an  im p l i e d  r e d u c t i o n  i n  c e l l u l o s e  d e g r a ­
d a t i o n .
I n  a n  a t t e m p t  t o  q u a n t i t a t e  t h e  v a r i a b i l i t y  i n  c o n c e n t r a t i o n  
o f  th e  p h y s i o l o g i c a l  t y p e s ,  s e v e r a l  l o g a r i t h m i c  f r a c t i o n s  w ere d e v e l ­
o p ed .  T hese  c a l c u l a t i o n s  w ere  em ployed to  f a c i l i t a t e  t h e  c o m p a r is o n s ,  
s i n c e  p e r c e n ta g e  f i g u r e s  become v e r y  cumbersome. The lo g  f r a c t i o n s  
w ere  c a l c u l a t e d  by s u b t r a c t i n g  th e  lo g  o f  t h e  c o n c e n t r a t i o n s  f o r  
v a r i o u s  t y p e s .  T a b le  4 l i s t s  t h e  f r a c t i o n s  and t h e i r  v a l u e s  f o r  each  
sam p lin g  s i t e  f o r  6 m o n th s .  Many r e g u l a r  d i s s i m i l a r i t i e s  o c c u r  i n  
t h e s e  lo g  f r a c t i o n s  f o r  o i l - t r e a t e d  and c o n t r o l  a r e a s .  S e v e r a l  r e ­
s e a r c h e r s  (Z o B ell ,  1969; P e r r y  and S c h e ld ,  1969; M ironov , 1970) have 
s u g g e s te d  t h a t  th e  e n r ic h m e n t  o f  o i l  u t i l i z e r s  by o i l  may be a u s e f u l  
means o f  a s s e s s i n g  o i l  p o l l u t i o n .  T hese  a u t h o r s  c o n c lu d e d  t h a t  h ig h  
r a t i o s  o f  o i l  d e g r a d e r s  t o  t o t a l  h e t e r o t r o p h i c  b a c t e r i a  a r e  i n d i c a t i v e  
o f  o i l  p o l l u t i o n .  No a b s o l u t e  v a l u e  f o r  t h i s  r a t i o  h a s  b e e n  e s t a b ­
l i s h e d  a s  an  i n d i c a t o r  o f  p o l l u t i o n .  Use o f  t h i s  ty p e  o f  i n d i c a t o r  
would r e q u i r e  c o m p ar iso n  w i th  s e v e r a l  known a r e a s  n o t  s u b j e c t e d  to  o i l  
i n t r u s i o n .  Exam ining t h i s  f r a c t i o n  ( lo g  t o t a l — lo g  h y d r o c a r b o n o c l a s t ) , 
we f i n d  v a l u e s  g r e a t e r  th a n  2 .0 0  o c c u r  m os t f r e q u e n t l y  i n  a r e a s  w i th ­
o u t  o i l ,  w h i le  v a l u e s  l e s s  th a n  2 .0 0  a r e  i n d i c a t i v e  o f  o i l  i n t r u s i o n .
The lo g  f r a c t i o n s  ( log  t o t a l  — lo g  c e l l u l o l y t i c ,  lo g  t o t a l  — log  
p r o t e o l y t i c ,  lo g  p r o t e o l y t i c  — log  h y d r o c a r b o n o c l a s t i c ,  and lo g  p r o t e o ­
l y t i c  — log  c e l l u l o l y t i c )  a r e  o f  l i t t l e  v a lu e  s i n c e  t h e r e  was e x c e s s iv e
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TABLE 4
Log F r a c t i o n  o f  V a r io u s  P h y s i o l o g i c a l  Types 
from  A i r p l a n e  Lake S t a t i o n
J a n Feb Mar May Ju n e J u l y
lo g  t o t a l — lo g  he
C o n t r o l 2 .2 0 3 .1 5 3 .0 0 3 .1 0 4 .7 0 3 .3 7
O i l  P lo t-A 1 .32 1 .7 7 1 .7 0 1 .6 0 1 .4 2 1 .3 6
O i l  P lo t - B 1 .3 2 .91 1 .6 6 1 .4 6 .82 1 .83
lo g  t o t a l  --  lo g  c e l l
C o n t r o l 2 .7 5 1 .5 9 2 .2 1 2 .1 4 4 .2 4 1 .4 2
O i l  P lo t-A 3 .84 2 .88 2 .7 0 3 .2 4 5 .16 2 .6 0
O i l  P lo t - B 3 .6 2 2 .48 2.83 2 .92 5 .33 2 .2 3
lo g  t o t a l  --  lo g  p r o t
C o n t r o l 1 .9 4 1 .3 6 1 .9 1 1 .4 0 2 .3 0 1 .1 5
O i l  P lo t -A 1 .6 5 1 .7 4 1 .2 9 1 .2 9 1 .5 1 1.03
O i l  P lo t - B .66 1 .4 2 1 .8 4 1 .57 1 .37 1 .3 5
lo g  he — lo g  c e l l
C o n t r o l .55 - 1 .5 6 -  .79 -  .96 -  .46 - 1 .9 7
O i l  P lo t -A 2 .52 1 .1 1 1 .0 0 1 .6 4 3 .7 4 1 .2 4
O i l  P lo t - B 2 .3 0 1 .5 7 1 .17 1 .4 6 4 .5 1 .40
lo g  p r o t  --  lo g  he
C o n t r o 1 .26 1 .7 9 1 .09 1 .7 0 2 .40 2 .2 2
O i l  P lo t -A -  .33 .04 .15 .31 -  .09 .33
O i l  P lo t - B -  .34 -  .51 -  .18 -  .11 -  .55 -  .48
lo g  p r o t  --  lo g  c e l l
C o n t r o l .81 .23 .30 .74 1 .9 4 .25
O i l  P lo t -A 2 .1 9 1 .1 5 1 .15 1 .9 5 3 .6 5 1 .57
O i l  P lo t - B 1 .9 6 1 .0 6 .99 1 .33 3 .9 6 .88
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v a r i a b i l i t y  b o th  on a  s e a s o n a l  b a s i s  and b e tw ee n  o i l e d  and  n o n - o i l e d  
a r e a s .  The f r a c t i o n ,  lo g  h y d r o c a r b o n o c l a s t i c  — lo g  c e l l u l o l y t i c ,  may 
be  a  u s e f u l  i n d i c a t o r  o f  o i l  p o l l u t i o n .  N e g a t iv e  o r  low p o s i t i v e  
v a l u e s  o c c u r r e d  i n  m arsh  w i th o u t  o i l ,  w h i le  p o s i t i v e  v a l u e s  w ere  
a lw ay s  o b t a i n e d  i n  o i l - t r e a t e d  a r e a s .  The g r e a t e r  d i f f e r e n c e  o f  f r a c ­
t i o n  v a l u e s  b e tw een  o i l - t r e a t e d  and  n o n - t r e a t e d  m arsh  s u g g e s t  t h a t  t h i s  
f r a c t i o n  may be more s e n s i t i v e  th a n  th e  f r a c t i o n ,  lo g  t o t a l  — lo g  
h y d r o c a r b o n o c l a s t i c .
C om parisons o f  m i c r o b i a l  p o p u l a t i o n s  o f  t h e  A i r p la n e  Lake 
s t a t i o n  and  th e  M a r t ig a n  P o i n t  s t a t i o n  a r e  n o t  s t r i c t l y  v a l i d  s i n c e  
t h e s e  two en v iro n m e n ts  a r e  q u i t e  d i v e r s e .  F o r  i n s t a n c e ,  M a r t ig a n  
P o i n t ,  due to  i t s  l o c a t i o n ,  i s  s u b j e c t e d  to  g r e a t e r  wave a c t i o n ,  s a ­
l i n i t y ,  and  h as  s o i l  w i th  a  g r e a t e r  p r o p o r t i o n  o f  s a n d .  However, 
s i m i l a r  r e l a t i o n s h i p s  be tw een  c e l l u l o l y t i c ,  p r o t e o l y t i c ,  and  h y d ro ­
c a r b o n o c l a s t i c  p o p u l a t i o n s  w ere  n o te d .  O i le d  a r e a s  had g r e a t e r  popu­
l a t i o n s  o f  h y d ro c a rb o n  u t i l i z e r s  th a n  c e l l u l o s e  u t i l i z e r s  (T ab le  5 and  
F i g s .  13 and 1 4 ) .
C a l c u l a t i o n  o f  t h e  two f r a c t i o n s  ( log  t o t a l  — lo g  h y d ro c a rb o n o -  
c l a s t s ,  and lo g  h y d r o c a r b o n o c l a s t s  — lo g  c e l l u l o l y t i c s )  (T ab le  6) 
d e m o n s t r a te s  a  c o r r e l a t i o n  t o  t h e  v a l u e s  c a l c u l a t e d  f o r  th e  A i r p la n e  
Lake a r e a .  The f r a c t i o n  ( log  h y d r o c a r b o n o c l a s t s  — lo g  c e l l u l o l y t i c s )  
v a r i e s  l e s s  th a n  th e  o t h e r  f r a c t i o n .  The v a r i a t i o n  i n  lo g  t o t a l  — lo g  
h y d r o c a r b o n o c l a s t s  a p p e a r s  t o  be  a s s o c i a t e d  w i th  t h e  m i g r a t i o n  o f  o i l  
w i t h i n  th e  s e d im e n t  p r o f i l e .  T h is  m i g r a t i o n  i s  p ro b a b ly  th e  r e s u l t  o f  
a  number o f  p h y s i c a l  and c h e m ic a l  p r o c e s s e s ,  su c h  a s  a d s o r p t i o n ,  p e r ­
c o l a t i o n ,  s e d im e n ta t i o n ,  and  e r o s i o n .  S o i l  c o r e s ,  t a k e n  to  a s c e r t a i n
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TABLE 5
P o p u la t io n s  o f  M ic ro o rg an ism s  from  O i l - P o l l u t e d  S i t e s  
and from a  C o n t r o l  S i t e ,  M a r t ig a n  P o in t  S t a t i o n
__________________________ 1973___________________________
J a n  Feb Mar May Ju n e  J u l y
lo g  c o n c e n t r a t i o n
S t a t i o n  #1
t o t a l 8 .1 5 8 .8 7 - 9 .6 5 8 .3 0 7 .6 8
c e l l 4 .9 8 7 .3 4 - 5 .9 8 4 .4 1 3 .8 5
p r o t 6 .2 5 7 .0 0 - 6 .5 8 5 .28 6 .1 5
hyc 6 .6 0 7 .7 3 - 7 .0 4 5 .53 6 .9 6
S t a t i o n  #2
t o t a l 8 .4 0 9 .4 8 -  • 9 .5 9 8 .4 8 7 .7 3
c e l l - 7 .3 4 - 5 .8 4 3 .0 8 3 .8 4
p r o t - 6 .7 5 - 6 .2 1 5 .08 5 .46
hyc 7 .23 7 .9 6 - 6 .8 4 6 .1 5 6 .8 9
C o n t r o l
t o t a l - - - 7 .8 1 8 .7 0 7 .95
c e l l - - - 5 .45 5 .3 8 4 .7 0
p r o t - - - 5 .6 0 5 .4 9 5 .4 0
hyc - - - 4 .8 4 4 .9 5 4 .7 0
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F ig u r e  13 . S e a s o n a l  f l u c t u a t i o n s  o f  m i c r o b i a l  p o p u l a t i o n s ,  
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F ig u r e  14 . S e a s o n a l  f l u c t u a t i o n  o f  m i c r o b i a l  p o p u l a t i o n s ,  
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Log F r a c t i o n s  o f  V a r io u s  P h y s i o l o g i c a l  Types 
from M a r t ig a n  P o i n t  S t a t i o n
1973
Ja n Feb Mar May Ju n e J u l y
S t a t i o n #1 1 .5 5 1 .1 4
lo g  t o t a l  — lo g  he 
2 .61 2 .77 .72
S t a t i o n #2 1 .17 1 .5 2 2 .7 5 2 .33 .84
C o n t r o l - - 2 .9 7 3 .7 5 3 .2 5
S t a t i o n #1 1 .6 2 .39
lo g  he — lo g  c e l l  
1 .0 6 1 .1 2 3 .1 1
S t a t i o n #2 2 .7 0 .62 1 .0 0 3 .07 3 .0 5
C o n t ro l -  .61 -  .43 .00
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t h e  p r e s e n c e  o f  o i l ,  showed t h a t  d u r in g  J a n u a r y  and  F e b ru a ry  1973, o i l  
was v i s i b l e  i n  o n ly  t h e  u p p e r  p o r t i o n  (10 cm) o f  t h e  s o i l  h o r i z o n .  
O b s e rv a t io n s  i n  May i n d i c a t e d  v e r y  l i t t l e  o i l  p r e s e n t  i n  th e  u p p e r  
l a y e r s  o f  s e d im e n t .  C o re s  t a k e n  a t  t h i s  t im e  d e m o n s t r a te d  t h a t  o i l  
was i n  t h e  d e e p e r  p o r t i o n  (10-25 cm) o f  t h e  s e d im e n t .  T hese  o b s e r v a ­
t i o n s  and d a t a  from th e  A i r p l a n e  Lake s i t e  s u g g e s t  t h a t  t h e  lo g  f r a c ­
t i o n ,  lo g  h y d r o c a r b o n o c l a s t i c  — lo g  c e l l u l o l y t i c ,  i s  a  b e t t e r  i n d i c a t o r  
o f  o i l  p o l l u t i o n  s i n c e  v a l u e s  f o r  r e g u l a r  and  o i l e d  m arsh  a r e  more d i s ­
t i n c t .  T h is  f r a c t i o n  a l s o  seems t o  be more s e n s i t i v e  to  t h e  p r e s e n c e  
o f  o i l .
A lth o u g h  b a c t e r i a l  p o p u l a t i o n s  c l e a r l y  d e m o n s t r a te d  a  change  
i n  p r o p o r t i o n s  o f  m e ta b o l i c  t y p e s ,  no s u b s t a n t i a l  m o d i f i c a t i o n  i n  con ­
c e n t r a t i o n s  o f  p r o t e o l y t i c ,  c e l l u l o l y t i c ,  and  h y d r o c a r b o n o c l a s t i c  
f u n g i ,  b o th  y e a s t s  and m o lds ,  w ere n o te d .  B aldw in  (1922) found  t h a t  
f u n g a l  a c t i v i t y  was n o t  a f f e c t e d  by  th e  a d d i t i o n  o f  c ru d e  o i l ,  w h i le  
s e v e r a l  b a c t e r i a l  f u n c t i o n s ,  p a r t i c u l a r l y  n i t r a t e  and  ammonia p ro d u c ­
t i o n ,  were d e c r e a s e d .  The r e a s o n  t h a t  f u n g a l  p o p u l a t i o n s  a r e  n o t  a f ­
f e c t e d  by o i l  i s  n o t  e v i d e n t .  F ung i a r e  known, how ever ,  f o r  t h e i r  
a b i l i t y  t o  u t i l i z e  a w ide ra n g e  o f  complex s u b s t r a t e s ,  n o t  r e a d i l y  
m e ta b o l i z e d  by b a c t e r i a .  M o d i f i c a t io n  o f  s p e c i e s  c o m p o s i t io n  o f  
y e a s t s  o b s e rv e d  i n  e a r l i e r  work (Crow, 1971) was n o t  d e t e c t e d  s in c e  
few o f  t h e s e  o rg a n ism s  a r e  i n s t r u m e n t a l  i n  t h e  p r im a ry  s t a g e s  o f  c e l l u ­
l o s e  o r  p r o t e i n  breakdow n.
In c r e a s e d  c o n c e n t r a t i o n s  o f  h y d r o c a r b o n o c l a s t s  i n  a r e a s  o f  o i l  
i n t r u s i o n  i s  c l e a r l y  t h e  r e s u l t  o f  an  e n r ic h m e n t  p r o c e s s .  I t  i s  n o t  
c l e a r ,  how ever, w hat induced  th e  i n c r e a s e  i n  p r o t e o l y t i c
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m ic ro o rg a n is m s .  S e v e r a l  e x p l a n a t i o n s  f o r  t h e  r e d u c t i o n  o f  b io m ass  o f  
c e l l u l o l y t i c  m ic ro o rg a n ism s  may be  c o n s i d e r e d .  T h is  r e d u c t i o n  m ig h t  
be  a t t r i b u t e d  t o  th e  a v a i l a b i l i t y  o f  s u b s t r a t e ,  i . e . ,  c e l l u l o s e .  A l­
th o u g h  l i v i n g  p l a n t  t i s s u e  was re d u c e d  i n  m ost i n s t a n c e s ,  s u f f i c i e n t  
c e l l u l o s i c  m a t e r i a l  re m a in e d  t o  s u p p o r t  norm al p o p u l a t i o n s .  T o x i c i t y  
o f  c ru d e  o i l ,  i n h i b i t i o n  o f  c e l l u l o l y t i c  enzymes o r  e n r ic h m e n t  and 
s e l e c t i o n  o f  c o m p e t i t i v e  m e ta b o l i c  ty p e s  c o u ld  c a u s e  a  r e d u c t i o n  i n  
c e l l u l o l y t i c  b io m a s s .  S e v e r a l  o f  t h e s e  p o s s i b i l i t i e s  w i l l  b e  exam ined 
i n  a  s u b s e q u e n t  s e c t i o n .
E n r ic h m e n t  S tu d ie s
H ydrocarbon e n r ic h m e n t  s t u d i e s  d e m o n s t r a te d  t h a t  th e  a u to c h ­
th o n o u s  m i c r o b ia l  p o p u l a t i o n s  o f  m os t a r e a s  w ere a b l e  to  u t i l i z e  
c ru d e  o i l .  I s o l a t e s  from  h y d ro c a rb o n  e n r ic h m e n t  m edia  d id  n o t  p o s s e s s  
s i g n i f i c a n t  h y d r o c a r b o n o c l a s t i c  a b i l i t y  i n  a x e n ic  c u l t u r e ,  s u g g e s t in g  
t h a t  o i l  d e g r a d a t io n  i n  th e  e n v iro n m e n t  i s  p r o b a b ly  b ro u g h t  a b o u t  by a 
c o m b in a t io n  o f  m i c r o b i a l  m e ta b o l i c  t y p e s .  Most o f  th e  sam ples  c o l ­
l e c t e d  n e a r  o i l - p r o d u c i n g  s i t e s  w i t h i n  th e  B a r a t a r i a  Bay sys tem  had 
h y d r o c a r b o n o c l a s t i c  a c t i v i t y  i n  e n r ic h m e n t  medium, w i th  a p p ro x im a te ly  
50% i n i t i a t i n g  e m u l s i f i c a t i o n  o f  t h e  o i l  w i t h i n  3 d a y s .
P r e l i m in a r y  P h y s i o l o g i c a l  C h a r a c t e r i z a t i o n  
o f  M ic ro o rg an ism s
T ab le  7 sum m arizes  t h e  p h y s i o l o g i c a l  a c t i v i t y  o f  th e  54 b a c ­
t e r i a l  ty p e s  s t u d i e d .  Of t h e s e  54, 14 (25%) p o s s e s s e d  b o th  p r o t e o ­
l y t i c  and h y d r o c a r b o n o c l a s t i c  a b i l i t y .  Only 4 (7%) e x h i b i t e d  b o th  
c e l l u l o l y t i c  and  p r o t e o l y t i c  a c t i v i t y ,  w h i le  3 (5%) had c e l l u l o l y t i c
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TABLE 7
M e ta b o l ic  A c t i v i t y  o f  I n i t i a l  B a c t e r i a l  I s o l a t e s
I s o l a t e P r o t e o l y t i c  C e l l u l o l y t i c  H y d r o c a r b o n o c la s t i ca c t i v i t y  a c t i v i t y  a c t i v i t y
1 2 /1 7 /7 1  B - l  + -  +
B-2 + -
B-3 + -  +
B-5 +
3 /1 8 /7 2  B - l  +
B-2 + + +
B-3 + -  +
B-4 -  -
B-5 + +
B-8 + -




B-5 -  -
B-6 + + +
B-7 +
B-8 + -  +
8 /2 5 /7 2  B-5 -  -  +
1 0 /1 2 /7 2  B - l  + +
B-5 + -  +
B-9 -  +
B-10 + + +
B - l l  -  -  +
1 1 /1 3 /7 2  B-2 -  -  +
B-3 +
1 2 /1 4 /7 2  B-2 +
B-3 +
B-6 -  -
B-7 + + +
B-10 + -  +
B - l l  + +
5 /1 4 /7 3  B - lp  + +
B-5p + + -
B-12p + -  +
B-13p + -  +
5 /2 2 /7 3  B-2x + + +
B-4x + -  +
B-5x + -  +
B-2hc + -  +
B-3 he -  + +
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TABLE 7 ( c o n t in u e d )
I s o l a t e P r o t e o l y t i ca c t i v i t y
C e l l u l o l y t i c
a c t i v i t y
H y d r o c a r b o n o c la s t ic  
a c t i v i t y
* 5 /2 2 /7 3  B-5hc + - -
B-6hc - + +
B-8hc - - +
B-9hc - - +
6 /2 6 /7 3  B-5 - - +
B-7 - - +
B - lx - + +
B-2x - - +
B-3x - - +
B-4x - - +
B-5x - - -
B-6x - - -
B-7x — +
* I n i t i a l  i s o l a t i o n  num bers .
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and h y d r o c a r b o n o c l a s t i c  c a p a c i t i e s .  N ine (16%) o f  t h e  i s o l a t e s  w ere 
p r o t e o l y t i c ,  and  14 (25%) w ere  h y d r o c a r b o n o c l a s t i c .  F iv e  (9%) ex­
h i b i t e d  none o f  t h e s e  c a p a b i l i t i e s  and a  s i m i l a r  number u t i l i z e d  a l l  
t h r e e  s u b s t r a t e s ,  i . e . ,  h y d ro c a rb o n s ,  c e l l u l o s e ,  and p r o t e i n .  None o f  
th e  b a c t e r i a  s t u d i e d  d e m o n s t r a te d  o n ly  c e l l u l o l y t i c  a b i l i t y .  T h is  
c o u ld  be  a t t r i b u t e d  t o  th e  i s o l a t i o n  t e c h n iq u e s  employed i n  t h i s  
s tu d y .  The c e l l u l o l y t i c  r e p r e s e n t a t i v e s  o f  t h e  g e n u s ,  C y to p h a g a , 
would grow w e l l  i n  e n u m e ra t io n  medium (CMC-MPN). M ost o f  t h e s e  o r g a -  • 
n is m s ,  how ever,  would n o t  d e v e lo p  on  t h e  p e p to n e - b a s e d  M arine Agar 
u sed  a s  a  p r im a ry  i s o l a t i o n  medium. S e v e r a l  s t r a i n s  o f  Cytophaga a p ­
p e a r  u n a b le  t o  u t i l i z e  s im p le  s u b s t a n c e s  su ch  a s  m o n o s a c c h a r id e s ,  d i ­
s a c c h a r i d e s ,  o r  o r g a n ic  a c i d s  ( S t a n i e r  e t  a l . ,  1 9 7 0 ) .  R e d u c t io n  i n  
b iom ass  o f  c e l l u l o l y t i c  b a c t e r i a  t h e r e f o r e  c o u ld  be due to  a r e d u c t i o n  
i n  numbers o f  Cytophaga p r e s e n t  i n  o i l - t r e a t e d  a r e a s .  There  i s ,  how­
e v e r ,  no d o c u m e n ta t io n  o f  th e  e f f e c t s  o f  c ru d e  o i l  on th e  members o f  
t h i s  g e n u s .  The f a c t  t h a t  t h e s e  o rg a n ism s  w ere n o t  i s o l a t e d  from 
c ru d e  o i l  e n r ic h m e n t  s u g g e s t s  t h a t  th e  p re d o m in a n t  r e p r e s e n t a t i v e s  o f  
t h i s  genus a r e  n o t  c a p a b le  o f  m e ta b o l i z in g  h y d ro c a rb o n s .
Y e a s ts  (Table  8) w ere  u n a b le  t o  u t i l i z e  p r o t e i n  o r  c e l l u l o s e .  
None o f  t h e  22 i s o l a t e s  e x h i b i t e d  p r o t e o l y t i c  a c t i v i t y .  Only one 
c u l t u r e  had c e l l u l o l y t i c  c a p a c i t y ;  t h i s  o rg a n is m  was a l s o  w eakly  
h y d r o c a r b o n o c l a s t i c .  H ydrocarbon u t i l i z a t i o n  was o b s e rv e d  i n  16 (75%) 
o f  t h e  y e a s t s  s t u d i e d .  The a lm o s t  c o m p le te  a b se n c e  o f  y e a s t s  w i th  
e x t r a c e l l u l a r  p r o t e a s e s  o r  c e l l u l o l y t i c  a c t i v i t y  i s  n o t  s u r p r i s i n g  
s i n c e  v e r y  few exam ples  o f  y e a s t s  p o s s e s s i n g  t h e s e  a c t i v i t i e s  have 
been r e p o r t e d  (Ahearn e t  a l . ,  19 6 8 ) .  The p h y s i o l o g i c a l  a c t i v i t y  o f
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TABLE 8
M e ta b o l ic  A c t i v i t y  o f  Y eas t  I s o l a t e s
A c c e s s io n
number
P r o t e o l y t i c
a c t i v i t y
C e l l u l o l y t i c
a c t i v i t y
H y d ro c a rb o n o c la s t ic
a c t i v i t y
FST-209* __ +
FST-226* - - +
FST-229* - - +
MS-301 - - +
MS-302 - - -
MS-303 - - -
MS-304 - - -
MS-305 - - -
MS-306 - - -
MS-307 - - -
MS-308 - - +
MS-309 - - +
MS-310 - - +
MS-311 - - +
MS-312 - - +
MS-313 - - +
MS-314 - - +
MS-315 - - +
MS-316 - - -
MS-317 - - -
MS-318 - - +
JB-1** — + +
* C u l tu r e s  from p r e v io u s  s tu d y  (Crow, 1971 ) .
* * I s o l a t e  o b ta in e d  from H. J .  Bavor, J r . ,  D epartm en t o f  Food 
S c ie n c e ,  L o u i s i a n a  S t a t e  U n i v e r s i t y .
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tw e lv e  i s o l a t e s  o f  f i l a m e n to u s  f u n g i  w ere  exam ined (T ab le  9 ) .  P r o t e ­
o l y s i s  c o u ld  n o t  be  d e te rm in e d  f o r  m os t o f  t h e s e  o rg a n is m s  b e c a u s e  ex­
t e n s i v e  m y ce lo id  g ro w th  and d a r k  p ig m e n ta t io n  p r e v e n t e d  r e c o g n i t i o n  o f  
t h e  d i a g n o s t i c  c l e a r i n g  zone i n  th e  medium. T h ree  i s o l a t e s  u t i l i z e d  
b o th  h y d ro c a rb o n s  and c e l l u l o s e .  C e l l u l o l y t i c  a c t i v i t y ,  a l o n e ,  was 
found  i n  f o u r  c u l t u r e s ,  w h i le  none o f  t h e  o rg a n ism s  s t u d i e d  p o s s e s s e d  
o n ly  h y d r o c a r b o n o c l a s t i c  a b i l i t y .
Y eas t  i s o l a t e s  were p r e d o m in a n t ly  r e p r e s e n t a t i v e s  o f  th e  
genus  P i c h i a ; r e p r e s e n t a t i v e s  o f  R h o d o to ru la , T r i c h o s p o r o n , and Can­
d i d a  w ere t e n t a t i v e l y  i d e n t i f i e d .  The C andida  i s o l a t e s  w ere  d e t e c t e d  
o n ly  i n  o i l  p l o t s  C and D, w hich  had b e e n  i n o c u l a t e d  w i th  s e v e r a l  
s p e c i e s  o f  t h e s e  o rg a n ism s  a s  p a r t  o f  a s u r v i v a l  s tu d y .  R e p r e s e n ta ­
t i v e s  o f  s i x  g e n e ra  o f  molds w ere i d e n t i f i e d .  Two s p e c i e s  o f  C la d o -  
s p o r iu m , P e n i c i l l i u m , and F u sa r iu m  w ere t a b u l a t e d ,  w h i le  one r e p r e s e n ­
t a t i v e  o f  A s p e r g i l l u s , A l t e r n a r i a , C e p h a lo s p o r iu m , Epicoccum , and 
D e n d ry p h ie l la  w ere fo u n d .
The f r e q u e n c y  o f  o rg a n is m s  w i th  b o th  p r o t e o l y t i c  and h y d ro ­
c a r b o n o c l a s t i c  a c t i v i t i e s  s u g g e s t s  a p o s s i b l e  e x p l a n a t i o n  f o r  th e  i n ­
c r e a s e d  b iom ass  o f  p r o t e o l y t i c  o rg a n ism s  i n  a r e a s  exposed  to  o i l .  En­
r ic h m e n t  o f  h y d ro ca rb o n  u t i l i z e r s  would a l s o  in d u c e  an  i n c r e a s e  i n  
p r o t e o l y t i c  o rg a n is m s .  S i m i l a r l y ,  t h e  low er number o f  i s o l a t e s  w i th  
c e l l u l o l y t i c  and h y d r o c a r b o n o c l a s t i c  c a p a c i t i e s  m ig h t  e x p l a i n  a d e ­
c r e a s e  i n  th e  p r o p o r t i o n  o f  c e l l u l o s e  u t i l i z e r s  i n  a r e a s  exposed  to  
o i l .  However, t h i s  does  n o t  e x p l a i n  t h e  a b s o l u t e  d i f f e r e n c e s  betw een 
c e l l u l o l y t i c  b iom ass  i n  s i t e s  w i th  and w i th o u t  o u t .  S e v e r a l  o t h e r  
f a c t o r s ,  i . e . ,  i n h i b i t i o n  and t o x i c i t y ,  w ere  i n v e s t i g a t e d  i n  a
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TABLE 9
M e ta b o l ic  A c t i v i t y  o f  F i la m e n to u s  F u n g i
A c c e s s io n  C e l l u l o l y t i c  H y d r o c a r b o n o c la s t ic














s u b s e q u e n t  s tu d y .
F o l lo w in g  p r e l i m i n a r y  m e ta b o l i c  c l a s s i f i c a t i o n ,  b a c t e r i a l  c u l ­
t u r e s  w ere f u r t h e r  c h a r a c t e r i z e d  and  g ro u p ed  a c c o rd in g  t o  s e l e c t e d  
p h y s i o l o g i c a l  a c t i v i t i e s  (T ab le  1 0 ) .  The f i n a l  g ro u p in g  i s  p r i m a r i l y  
f u n c t i o n a l ,  i . e . ,  b a s e d  on m e ta b o l i c  a c t i v i t y .  T h is  g ro u p in g  was 
n e c e s s a r y  t o  e l i m i n a t e  d u p l i c a t i o n  o f  c u l t u r e s  and  t o  r e d u c e  b a c t e r i a l  
i s o l a t e s  t o  a  more w o rk a b le  number f o r  f u r t h e r  p h y s i o l o g i c a l  s tu d y .
The p re d o m in a n t  o rg a n is m s  w ere  members o f  t h e  genus  C o ry n e b a c te r iu m . 
S e v e r a l  i s o l a t e s  o f  B r e v i b a c t e r i u m , B a c i l l u s , M ycobac te r ium , and 
A r t h r o b a c t e r  w ere i d e n t i f i e d .  Only two gram n e g a t i v e  o rg a n is m s ,  
Pseudomonas and a V i b r i o , w ere fo u n d .
Crude O i l  C h e m is t ry  and W ea th e r in g  C h a r a c t e r i s t i c s
S tu d ie s  o f  t h e  e m u l s i f i c a t i o n  o f  L o u i s i a n a ,  T i a ju a n a ,  and  
A ra b ia n  c ru d e  o i l s  i n d i c a t e d  d i s s i m i l a r i t e s  i n  t h e s e  o i l s .  L o u i s i a n a  
c ru d e  had an  e m u l s i f i c a t i o n  in d e x  o f  l e s s  th a n  10; A ra b ia n  c ru d e  gave 
a v a l u e  o f  30. V a lu e s  up to  300 w ere o b ta in e d  w i th  T ia ju a n a  c ru d e  o i l .  
The a b i l i t y  o f  T ia ju a n a  c ru d e  to  a b s o r b  w a te r  and i t s  te n d e n c y  to  form 
s t a b l e  w a t e r - i n - o i l  e m u ls io n s ,  made i t  im p o s s ib l e  t o  o b t a i n  any  d a t a  
u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s  u sed  f o r  w e a th e r in g  and b io d e g ra d a ­
t i o n  s t u d i e s .  The e m u ls io n ,  " C h o c o la te  Mousse" (F ig .  1 5 ) ,  i s  a v e ry  
t h i c k ,  s t i c k y  s u b s t a n c e ,  n o t  e a s i l y  b ro k e n  down by e x t r a c t i o n  t e c h ­
n iq u e s .
The c h e m ic a l  c o m p o s i t io n  o f  c r u d e  o i l  i s  summarized i n  
T ab le  11. L o u i s i a n a  and  A ra b ia n  c ru d e  w ere  a n a ly z e d  f o r  t h e i r  p e r ­
c e n ta g e s  o f  a l k a n e ,  a r o m a t i c ,  and a s p h a l t i c  f r a c t i o n s  p r i o r  to
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TABLE 10
F i n a l  G rouping  o f  B a c t e r i a l  I s o l a t e s
A c c e s s io n
number I s o  1*
Gram
r e a c t i o n Pigm ent Pro C e l l CO
CO
emul Gel Mot h2s Emul
MS-201 1 + o ra n g e + + + + - - - +
MS-202 6 + o ra n g e + - +
MS-203 2 - o ran g e + + - - - + - -
MS-204 1 + p in k + - + - - + - -
MS-205 1 + w h i te + - + - - + - -
MS-206 1 + y e l lo w + - - - - + - -
MS-207 2 + w h i te - - + + - - - -
MS-208 1 + w h ite + - - - + - - -
MS-209 2 + o ra n g e + - + ' + - - - -
MS-210 1 + w h ite + + - - + - - -
MS-211 2 + whi t e + + + + + - - -
MS-212 1 + w h ite + - + - + - - -
MS-213 1 + p in k - - + - - + - -
MS-214 1 + p in k - - + + - - - -
MS-215 1 + o ra n g e - - + + - + - -
MS-216 1 + p in k + - - - + - - -
MS-217 1 + w h ite + + + - + - - -
MS-218 2 + p in k + + - - - + - -
MS-219 1 + y e l lo w + - + + + + - +
MS-220 1 + g ra y + - + - - - -
MS-221 1 + y e l lo w + + + + + - - +
MS-222 1 - w h i te - + + + + - +
MS-223 . 2 + w h i te - + + - - + - +
MS-224 1 - o ra n g e + - - - - + + +
MS-225 3 + w h ite - - + + - - - +
MS-226 1 + w h i te - + + - - - - +
MS-227 1 - w h i te - - + + - - - +
MS-228 1 + p in k — + +
♦Number o f  i s o l a t e s .
P ro — P r o t e o l y s i s ;  C e l l —C e l l u l o l y s i s ;  CO— C rude o i l  u t i l i z a t i o n ;  
CO emul— E m u l s i f i c a t i o n  o f  c ru d e  o i l ;  G e l— L i q u e f a c t i o n  o f  g e l a t i n ;
Mot—M o t i l i t y ;  H2 S— P r o d u c t io n  o f  H2 S; Emul— Growth i n  p r e s e n c e  o f  
e m u l s i f i e r .
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P e r c e n t  C om p o sit io n  o f  C rude O i l s
L o u is ia n a  
Crude O il
A ra b ia n  
C rude O i l
A lkane
f r a c t i o n 77 57
A rom atic
f r a c t i o n 20 37
A sp h a l te n e
f r a c t i o n 3 6
D eterm ined  by g r a v i m e t r i c  m ethods on u n w ea th e red  c ru d e  o i l s .
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w e a th e r in g  a s  a  b a s e l i n e  f o r  com parison  o f  w e a th e r in g  and  b io d e g r a d a ­
t i o n .  O th e r  c h e m ic a l  d i f f e r e n c e s ,  p a r t i c u l a r l y  i n  c o n t e n t  o f  heavy  
m e ta l s  and  s u l f u r  c o n t a i n i n g  compounds, a r e  n o te w o r th y  b u t  h av e  n o t  
been  i n v e s t i g a t e d  i n  t h i s  w ork. A ra b ia n  c ru d e  h as  a  g r e a t e r  co n ce n ­
t r a t i o n  o f  b o th  a ro m a t ic  and  a s p h a l t i c  f r a c t i o n s ,  s u g g e s t i n g  t h a t  i t  
i s  p r o b a b ly  more r e s i s t a n t  t o  w e a th e r in g  and b i o d e g r a d a t i o n .  Both  o f  
t h e s e  f r a c t i o n s  a r e  r i c h  i n  h ig h  m o le c u la r  w e ig h t  p o l y c y c l i c  and  p o ly -  
a r o m a t i c  compounds w i th  h ig h  b o i l i n g  p o i n t s .
Gas ch ro m a to g rap h y  o f  t h e  a lk a n e  f r a c t i o n s  o f  u n w e a th e re d  
L o u i s i a n a  and A ra b ia n  c ru d e  o i l  i s  p r e s e n te d  i n  F ig u r e s  16 and  17 , r e ­
s p e c t i v e l y .  Peaks w ere t e n t a t i v e l y  i d e n t i f i e d  by co m p ar iso n  w i th  
chrom atogram s o f  s t a n d a r d  h y d ro c a rb o n  m ix tu r e  (F ig .  18) and by e x t r a p o ­
l a t i o n  from r e t e n t i o n  tim e  d a t a .  S e v e r a l  d i s t i n c t i v e  f e a t u r e s  a r e  
n o te d  f o r  each  ty p e  o f  o i l .  L o u i s i a n a  c ru d e  h a s  a  l a r g e r  number o f  
a l k a n e s  o f  c h a i n  l e n g t h  s h o r t e r  th a n  C . The p red o m in an ce  o f  t h e  C ^  
( p r i s t a n e )  compound a l s o  a p p e a r s  to  be c h a r a c t e r i s t i c  o f  L o u i s i a n a  
c r u d e .  T h is  a lk a n e  f r a c t i o n  i s  m ost im p o r ta n t  s in c e  t h e s e  compounds 
a r e  i n i t i a l l y  u t i l i z e d  by m ost o rg a n ism s  (Z o B e l l ,  1969; M ig e t  e t  a l . ,  
1969; K ato r  e t  a l . ,  1970; A t l a s  and B a r t h a , 1 9 7 2 ) .  In  c o n t r a s t ,
A ra b ia n  c ru d e  h a s  maximal c o n c e n t r a t i o n s  o f  compounds from C. -C .12 lo
W eathering  o f  b o th  o i l s  b r i n g s  a b o u t  s e v e r a l  ch a n g e s  ( F ig s .  19 and  2 0 ) ,  
p r i n c i p a l l y  rem ova l o f  compounds up t o  C ^ .  R e d u c t io n  o f  C ,̂_ i s  a l s o  
n o te d .  Kinney e t  a l .  (1969) o b se rv e d  t h a t  compounds up t o  w ere  
r a p i d l y  l o s t  from  o i l  s p i l l e d  i n  Cook I n l e t .  W ith in  8 h r s ,  a  40% r e ­
d u c t io n  i n  C , 60% i n  C and 90% i n  C was o b s e r v e d .  A t l a s  and  12 11 9
B a r th a  (1972a) showed t h a t  Sweden c ru d e  e x h i b i t e d  l a r g e  r e d u c t i o n s  i n
F ig u r e  16. Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  u n w ea th e red  
L o u i s i a n a  c ru d e  o i l .
107
F ig u r e  17 . Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  unw ea th e red  
A ra b ia n  c ru d e  o i l .
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F ig u r e  18. Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  s t a n d a r d  h y d ro ­







F ig u r e  19 . Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  w e a th e re d  L o u i s i a n a  









F ig u r e  20. Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  w e a th e re d  A ra b ia n  
c ru d e  o i l .
115
116
compounds t o  C . Only s l i g h t  r e d u c t i o n s  i n  compounds above  C . _ w ereJ-4 15
n o te d .  S o l i  and  Bens (1972) found  r e d u c t i o n s  i n  c o n c e n t r a t i o n  o f  
h y d ro c a rb o n s  t o  i n  s t e r i l e  m e d ia .  T a b le s  12 and 13 i l l u s t r a t e  
w e ig h t  l o s s e s  i n  L o u i s i a n a  and A ra b ia n  c ru d e  o i l  d u r in g  t h e  4 -d ay  
w e a th e r in g .  As s u g g e s te d  from  c o n t e n t  o f  a l k a n e ,  a r o m a t i c ,  and  a s ­
p h a l t i c  f r a c t i o n s ,  a s  w e l l  a s  t h e  c o m p o s i t io n  o f  th e  a lk a n e  f r a c t i o n  
from  c h ro m a to g ra p h ic  d e t e r m i n a t i o n s ,  L o u i s i a n a  c ru d e  had  a  g r e a t e r  
w e ig h t  l o s s  th a n  A ra b ia n  c r u d e  due  t o  w e a th e r in g .  The g r e a t e s t  a b s o ­
l u t e  r e d u c t i o n  i n  eac h  o i l  o c c u r r e d  i n  t h e  a l k a n e  f r a c t i o n .
Crude O i l  U t i l i z a t i o n
T a b le  14 l i s t s  t h e  c o n t e n t  o f  t h e  m a jo r  o i l  f r a c t i o n s  i n  
L o u i s i a n a  c ru d e  u s e d  i n  t h e  o i l  u t i l i z a t i o n  s t u d i e s .  S t e r i l i z a t i o n  o f  
t h e  medium in d u c e d  a  s l i g h t  change  i n  t h e  p r o p o r t i o n  o f  eac h  f r a c t i o n  
o f  t h e  c ru d e  o i l .  I n c u b a t io n  o f  u n i n o c u la t e d  c r u d e  o i l  medium a t  20 
and 30 C a p p e a r s  t o  c a u s e  a  s l i g h t  r e d u c t i o n  i n  t h e  t o t a l  o i l  c o n t e n t ,  
s i m i l a r  t o  w e a th e r in g .  C hrom atography o f  th e  a lk a n e  f r a c t i o n  o f  t h e s e  
o i l s  ( F ig s .  21 and 22) shows a  l o s s  o f  t h e  s h o r t e r - c h a i n e d ,  more v o l a ­
t i l e  compounds i n  medium p r e p a r a t i o n .  No o u t s t a n d i n g  d i f f e r e n c e s  a r e  
n o te d  i n  p a t t e r n s  be tw een  o i l  from f r e s h l y  p r e p a r e d  m edia  and  o i l  from 
m edia in c u b a te d  f o r  f o u r  d a y s  a t  30 C. C hrom atography o f  o i l  from th e  
10 and 20 C in c u b a t i o n  s e r i e s  d i d  n o t  d i f f e r  from th e  p a t t e r n  o f  th e  
30 C c o n t r o l .  M ig e t  e t  a l .  (1969) and K ator e t  a l .  (1970) have u sed  
t h e  r e l a t i v e l y  i n e r t  p r i s t a n e  ( C ^ )  a s  an  i n t e r n a l  s t a n d a r d  i n  s t u d i e s  
o f  L o u i s i a n a  c ru d e  o i l  d e g r a d a t i o n .  C a l c u l a t i o n  o f  r a t i o s  o f  th e  
c o n c e n t r a t i o n  o f  m a jo r  com ponents to  p r i s t a n e  a r e  i n d i c a t i v e  o f
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TABLE 12
C o m p o s i t io n  o f  L o u i s i a n a  C rude O i l  
a f t e r  4-Day W ea the ring
Amount 
(g ram s)
% o f  





r e d u c t i o n
T o ta l .5946 100 .4695 21
A lkane .4581 7 7 .0 .3492 2 3 .8
A rom atic .1140 1 9 .2 .1051 7 .8
A s p h a l te n e .0225 3 .8 .0152 3 2 .4
TABLE 13
C o m p o s it io n  o f  A rab ian  Crude O il  
a f t e r  4-Day W ea ther ing
AmountAmount % o f %
(gram s) T o t a l (g ram s) 4-d a y r e d u c t i o n
T o t a l .5020 100 .4393 13
A lkane .2761 55 .2425 1 2 .2
A rom atic .1977 3 9 .4 .1686 14 .7
A s p h a l te n e .0282 5 .6 .0287 -  1 .7
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TABLE 14
C o m p o s i t io n  o f  L o u i s i a n a  C rude O i l  i n  F r e s h l y  P re p a re d  Medium 
and  a f t e r  I n c u b a t io n  a t  10 C, 20 C, 30 C
C o n d i t io n s F r a c t i o n sT o t a l A lkane A rom atic A s p h a l te n e
P r i o r  t o  i n c u b a t i o n .6221 .4664 .1302 .0255
74.9% 20.9% 4.1%
4 d ay s  a t  10 C .6221 .4449 .1492 .0288
71.5% 23.9% 4.5%
4 d a y s  a t  20 C .6180 .4517 .1388 .0275
73.1% 22.5% 4.4%
4 d a y s  a t  30 C .6010 .4348 .1398 .0264
72.8% 23.2% 4.3%
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F ig u r e  21. Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  L o u i s i a n a  c ru d e  o i l  










F ig u r e  22. Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  c ru d e  o i l  from 
o i l - u t i l i z a t i o n  medium i n c u b a te d  a t  30 C f o r  











p r e f e r e n t i a l  m e ta b o lism . Change i n  su ch  r a t i o s  b e tw een  c o n t r o l  and  ex ­
p e r i m e n t a l  c u l t u r e s  s u g g e s t  g r e a t e r  m e ta b o l ism  o f  o n e  o f  th e  compounds. 
A s i m i l a r  method o f  com paring  h y d ro c a rb o n  com ponents  was u se d  i n  th e  
p r e s e n t  s tu d y  by c a l c u l a t i n g  r a t i o s  o f  c o n c e n t r a t i o n  o f  compounds to  
t h e  c o n c e n t r a t i o n  o f  t e t r a c o s a n e  . T h is  r a t i o  would show i f  any
s u b s t a n t i a l  v a r i a t i o n  i n  p r i s t a n e  c o n c e n t r a t i o n  had o c c u r r e d .  T ab le  15 
i s  a  co m p ar iso n  o f  p r i s t a n e  and t e t r a c o s a n e  p eak  a r e a s  f o r  th e
30 C u n in o c u la te d  c o n t r o l  h y d ro c a rb o n  medium.
C om parisons o f  o i l  d e g r a d a t i o n  a t  10 , 20 and 30 C by c u l t u r e
MS-228 (an u n i d e n t i f i e d  gram p o s i t i v e  n o n - m o t i l e  ro d )  a r e  l i s t e d  i n
T a b le  16 . T h is  o rg a n ism  was t h e  m os t a c t i v e  o i l  d e g r a d e r  o f  t h e  seven
t e s t e d  ( t h r e e  b a c t e r i a ,  two y e a s t s ,  and two m o ld s ) .  C hrom atography  o f
th e  a l k a n e  f r a c t i o n  (F ig .  23) and c a l c u l a t i o n  o f  peak  r a t i o s  (Table 17)
i l l u s t r a t e  some o f  t h e  c h a n g e s .  P r i s t a n e  r a t i o s  show a d e c r e a s e  i n
o n ly  C , C . ,  and C . The t e t r a c o s a n e  r a t i o  i n d i c a t e s  ch an g e s  o n ly  
1 ?  2 1  2 2
i n  C^ 2  an(  ̂ C 2 3  comP°un^ s * i-s  t h e r e f o r e  c o n c lu d e d  t h a t  l i t t l e  p r e f ­
e r e n t i a l  m e ta b o l i sm  h a s  o c c u r r e d  i n  t h i s  f r a c t i o n  and  t h a t  a l l  have  
b een  r e d u c e d  by s i m i l a r  am oun ts .  The i n c r e a s e  i n  C ^  and  C o b s e rv e d  
i s  p r o b a b ly  due t o  f o rm a t io n  o f  a  m e t a b o l i t e  from  l o n g e r - c h a in e d  com­
p o u n d s .  C om parisons w i th  t h e  i s o - a l k a n e s ,  i . e . ,  p e a k s  o c c u r r i n g  b e ­
tw een  i d e n t i f i e d  p e a k s ,  i l l u s t r a t e s  a  r e d u c t i o n  i n  compounds be tw een
C13 and  C20"
F ig u r e  24 i s  t h e  c h ro m a to g ra p h ic  a n a l y s i s  o f  a l k a n e  f r a c t i o n s  
from MS-309 (p ro b a b ly  a  C a n d id a ) .  A lth o u g h  l i t t l e  w e ig h t  l o s s  was 
n o te d  from  g r a v i m e t r i c  a n a l y s i s ,  s e v e r a l  c h an g e s  w ere  o b s e r v e d .  I n ­
c r e a s e s  i n  C ^ ,  c i 2 ’ an<* i s o - a l k a n e s  o c c u r r i n g  b e tw ee n  C ^  and  C a s
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TABLE 15
R a t io  o f  Peak A rea  t o  P r i s t a n e  and Peak A rea 
t o  T e t r a c o s a n e  f o r  U n in o c u la te d  C o n t r o l  
I n c u b a te d  a t  30 C f o r  4 Days
Compound R a t io  t o  p r i s t a n e
R a t io  to  
t e t r a c o s a n e
C - l l .091 .71
C-12 .55 4 .1 6
C-13 .78 , 5 .9 2
C-14 .60 4 .5 4
C-15 .73 5 .58
C-16 .71 5 .41
C-17 l . o o  «- 7 .5 5
C-18 .47 3 .6 1
C-19 .32 2.47
C-20 .24 1 .8 7
C-21 .19 1 .44
C-22 .17 1 .3 4
C-23 .17 1 .2 9
C-24 .13 1 .0 0  <-
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TABLE 16
C om parison  o f  W eigh t Change* o f  Crude O i l  I n o c u la t e d  
w i th  C u l t u r e  MS-228 a t  10 , 20, and  30 C
F r a c t i o n 10 C 20 C 30 C
T o t a l -0.4%** -1.9% -8.4%
A lkane -0.1% -2.6% -9.5%
A rom atic -2.8% -1.9% -4.8%
A s p h a l t i c +7.0% +2.2% +1.4%
*Compared to  u n i n o c u l a t e d  c o n t r o l s  f o r  each  t e m p e r a t u r e .
**W eight l o s s  d e s i g n a t e d  by ( - ) ;  w e ig h t  g a i n  d e s ig n a t e d  by (+) .
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Figure 23. Gas chromatographic analysis of crude oil incubated









P r i s t a n e  and T e tra c o s a n e  Peak A rea R a t io s  
f o r  I s o l a t e  MS-228 In c u b a te d  a t  30 C
C arbon
No.
P r i s t a n e
r a t i o Change*
T e tra c o s a n e
r a t i o Change
C - l l .88 + 11 .64 +
C-12 1 .3 1 + 17 .2 4 +
C-13 .8 6 0 11 .28 +
C-14 1 .3 8 + 1 8 .1 0 +
C-15 .5 7 + 7 .4 6 +
C-16 .48 + 6 .3 7 +
C-17 1 .0 0 0 «- 1 3 .1 0 +
C-18 .71 + 9 .3 1 +
C-19 .4 9 - 6 .4 1 +
C-20 .2 6 + 3 .4 6 +
C-21 .11 - 1 .4 6 +
C-22 .12 - 1 .5 7 -
C-23 .11 - 1 .4 8 -
C-24 .07 + 1 .0 0 o «-
*(+ ) d e s ig n a t e s  in c r e a s e  from  r a t i o  o f  c o n t r o l ;  ( - )  d e s ig n a te s  
d e c r e a s e  from  r a t i o  o f  c o n t r o l ;  (0 ) d e s ig n a te s  no change  from  r a t i o  o f  
c o n t r o l .  O nly ch an g es  g r e a t e r  th a n  10% w ere c o n s id e re d  a s  s i g n i f i c a n t .
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Figure 24. Gas chromatographic analysis of crude oil incubated







w e ll  a s  th e  co m p le te  rem o v a l o f  i s o - a l k a n e s  be tw een  and  and 
be tw een  and  w ere  o b s e rv e d . T h is  i s  an  e x c e l l e n t  exam ple o f  
d e g r a d a t io n  o f  c ru d e  o i l  i n  t h a t  o r i g i n a l  m o le c u le s  have  d is a p p e a re d  
(se e  A ppendix  A ) . A lth o u g h  e x te n s iv e  ch an g e s  i n  th e  a lk a n e  p a t t e r n  o f  
th e  o i l  w ere d e te c te d  c h ro m a to g ra p h ic a l ly ,  l i t t l e  d e g r a d a t io n  was 
a s s a y e d  by th e  g r a v im e tr i c  m ethods o f  t h i s  s tu d y .  The l a r g e  q u a n t i ­
t i e s  o f  s h o r t e r - c h a in e d  compounds p ro d u ced  a p p a r e n t ly  a c c o u n t f o r  t h i s  
la c k  o f  d e g r a d a t io n  b a se d  on g r a v im e t r i c  m e th o d s . None o f  th e  o th e r  
o rg an ism s  t e s t e d  showed a  co m p arab le  change  i n  th e  a lk a n e  f r a c t i o n  
(F ig s .  25 , 26 , and 2 7 ) .
No i n h i b i t i o n  o f  c ru d e  o i l  m e ta b o lism  was n o te d  w ith  in c o rp o r a ­
t i o n  o f  g lu c o s e  o r  c a r b o x y m e th y l - c e l lu lo s e  (CMC) i n t o  c ru d e  o i l  m ed ia . 
T a b le  18 sum m arizes th e  g r a v im e t r i c  a n a l y s i s  o f  t o t a l  h y d ro c a rb o n s  f o r  
th e  t h r e e  o rg an ism s  t e s t e d .  P e rc e n ta g e  r e d u c t io n s  w ere c a l c u l a t e d  
from  co m p ariso n  w ith  u n in o c u la te d  c o n t r o l s  in c u b a te d  a t  th e  same tem ­
p e r a t u r e s .  C h ro m a to g rap h ic  a n a l y s i s  o f  th e  a lk a n e  f r a c t i o n s  (F ig s .  28 
and  29) HCMPN and  HCMPN + 1% g lu c o s e  in o c u la te d  w ith  MS-309 show l i t t l e  
v a r i a t i o n  i n  p eak  p a t t e r n s .  S in c e  p r i s t a n e  a p p e a rs  to  be  r e s i s t a n t  to  
d e g r a d a t io n  (K ato r e t  a l . ,  1 9 7 0 ) , th e  r a t i o s  o f  p r i s t a n e  c o n c e n tr a ­
t i o n s  w ere u sed  to  s ta n d a r d i z e  th e  c o n c e n t r a t i o n  o f  v a r io u s  com pounds. 
To e q u i l i b r a t e  th e  c o n c e n t r a t i o n s  o f  com pounds be tw een  e x p e r im e n ta l  
and c o n t r o l s ,  th e  c o n c e n t r a t io n  o f  p r i s t a n e  i n  th e  e x p e r im e n ta l  medium 
was d iv id e d  by t h a t  o f  p r i s t a n e  i n  th e  c o n t r o l .  T h is  f a c t o r  was th e n  
m u l t i p l i e d  by th e  c o n c e n t r a t i o n  o f  each  o th e r  compound i n  th e  c o n t r o l  
to  o b ta in  th e  c a l c u l a t e d  c o n c e n t r a t i o n  o f  th e  compound i n  th e  e x p e r i ­
m e n ta l medium. The p e r c e n ta g e  d i f f e r e n c e  be tw een  e x p e c te d  and  a c t u a l
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F ig u re  25 . Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  c ru d e  o i l  in c u b a te d  
w ith  i s o l a t e  M S-211, 4 d a y s ,  30 C.
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Figure 26. Gas chromatographic analysis of crude oil incubated





Figure 27. Gas chromatographic analysis of crude oil incubated







E f f e c t  o f  I n c o r p o r a t in g  G lu co se  and  C a rb o x y m e th y l-c e llu lo s e  
on C rude O il  D e g ra d a tio n
A c c e ss io n
No.
I n o c u la te d
c o n t ro l*
P e r c e n t  r e d u c t io n  
c a rb o x y m e th y l-  
c e l l u l o s e
G lu co se
. MS-228 1 2 .2 6 1 3 .5 2 2 1 .18
MS-309 2 7 .24 2 5 .4 5 35 .73
MS-404 2 7 .5 9 26 .32 2 5 .28
♦ In o c u la te d  c o n t r o l  HCMPN m edia in o c u la te d  w ith  s i m i l a r  am ounts 
o f  a p p r o p r ia t e  o rg a n ism s .
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F ig u r e  28 . Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  c ru d e  o i l  in c u b a te d  
w ith  c u l t u r e  MS-309.
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Figure 29. Gas chromatographic analysis of crude oil incubated





c o n c e n t r a t i o n  was th e n  c a l c u l a t e d .  T ab le  19 i l l u s t r a t e s  t h e  p e r c e n t  
r e d u c t io n  i n  m a jo r a lk a n e s  from  g lu c o s e  added  to  HCMPN in o c u la te d  w ith  
M S-309. A lk an es  c i 2 '  i ® 3 c i 2 '  anc* C21 s ^ow t *le g r e a t e s t  d e g ra d a ­
t i o n .  R e s u l t s  o f  g lu c o s e  a d d i t io n  s u g g e s t  t h a t  d ip h a s i c  g ro w th  i s  n o t  
o p e r a t i v e  w ith  any  o f  th e  o rg an ism s  t e s t e d .  The a b s e n c e  o f  i n h i b i t i o n  
w ith  g lu c o s e  o r  c a r b o x y m e th y l - c e l lu lo s e  s u g g e s ts  t h a t  a  d i f f e r e n t  en ­
zy m atic  sy stem  i s  f u n c t i o n a l  i n  g lu c o s e  and c ru d e  o i l  m e ta b o lism  th a n  
th e  one o p e r a t iv e  i n  p e p to n e  and c ru d e  o i l  m e ta b o lism . S e v e ra l  p r e ­
v io u s  w o rk e rs  have d e m o n s tra te d  t h a t  p e p to n e  i n h i b i t s  c ru d e  o i l  u t i l i ­
z a t io n  ( L e P e t i t  and B a rth e lem y , 1968; G unkel, 1 9 6 9 ) . G r e a te r  d e g ra d a ­
t i o n  o f  c ru d e  o i l  by MS-309 and  MS-228 i n  th e  p r e s e n c e  o f  g lu c o s e  i s  
p ro b a b ly  due t o  r a p id  i n c r e a s e  i n  c e l l  c ro p .
T ab le  20 i l l u s t r a t e s  r e d u c t io n s  i n  t o t a l  h y d ro c a rb o n s  i n  c ru d e  
o i l  medium (HC-MPN) and  c ru d e  o i l  medium w ith  0.5% b u ty la m in e  ad d ed . 
C u l tu r e  M S-211, a  c o r y n e b a c te r i a ,  and  FST-229, a  R h o d o to ru la  s p . ,  
showed g r e a t e s t  r e d u c t io n s  i n  t o t a l  h y d ro c a rb o n s  a s  d e te rm in e d  by 
g r a v im e t r i c  m eth o d s. C a lc u la t io n s  o f  w e ig h t l o s s  w i th in  th e  a lk a n e  
f r a c t i o n  by t o t a l  p eak  a r e a  showed t h a t  s l i g h t l y  g r e a t e r  d e g r a d a t io n  
was o b ta in e d  f o r  b o th  o f  th e  i s o l a t e s .  A r e d u c t io n  o f  8 . 8 % was fou n d  
w ith  MS-211 and  35% f o r  FST-229. In c o m p le te  s e p a r a t i o n  o f  m ic r o b ia l  
m ass from  th e  c ru d e  o i l  c a u s e s  th e s e  d i f f e r e n c e s .  However, t h i s  i s  
p a r t i c u l a r l y  a  p rob lem  when e x te n s iv e  g row th  o c c u r s  w i th in  th e  h y d ro ­
c a rb o n  p h a s e , a s  w ith  FST-229. C h ro m a to g rap h ic  a n a l y s i s  o f  th e  a lk a n e  
f r a c t i o n  from  o i l  in c u b a te d  w ith  FST-229 (F ig . 30) d e m o n s tr a te s  a 
s t r i k i n g  in c r e a s e  i n  C ^ ,  C ^-co m p o u n d s  com pared  w ith  u n in o c u la te d
c o n t r o l s .  D e g ra d a tio n  o f  lo n g e r - c h a in e d  compounds c a u s e s  a  b u i ld u p  o f
TABLE 19
P e rc e n t  R e d u c tio n  i n  M ajor A lk an es  from  C rude O il  
In c u b a te d  w ith  MS-309
A lkane 
c h a in  le n g th
% r e d u c t io n  
from  c o n t r o l  
(HCMPN)
1 1  61
1 2  18
is o  14
13 8 . 8
i s o  8 . 2
14 8 .3
is o  5 .5
15 4 .7
i s o  5 .6
16 - 0 .5
is o  - 5 .9
17
18 0 . 2
19 5 .5
20 8 .3
21 1 0 .6
22 8 .9




G ra v im e tr ic  A n a ly s is  o f  T o ta l  C rude O il  i n  C u l tu r e  
w ith  B u ty lam in e  A d d it iv e
C u l tu r e  
A c c e s s io n  No. ,
P e r c e n t  r e d u c t io n *
I n o c u la te d  c o n t r o l B u ty lam in e
MS-211 14 25
MS-228 19 2 2
FST-229 16 2 1
MS-309 25 24
♦Compared to  u n in o c u la te d  c o n t r o l  in c u b a te d  u n d e r th e  same 
c o n d i t i o n s .
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Figure 30. Gas chromatographic analysis of crude oil incubated








th e  c o n s t i t u e n t s  w hich  c a n n o t b e  m e ta b o liz e d  e a s i l y .
I n c o r p o r a t io n  o f  b u ty la m in e  in t o  c ru d e  o i l  i n c r e a s e s  d e g ra d a ­
t i o n  r a t e s .  T h is  may b e  a t t r i b u t e d ,  i n  p a r t ,  to  th e  a l k a l i n i t y  o f  
t h i s  compound, and  i t s  r e a c t i o n  w ith  f a t t y  a c i d s .  Many i n v e s t i g a t o r s  
(B u sh n e ll and  H aas, 1941; S to n e  e t  a l . ,  1942; C ofone e t  a l . ,  1973; 
W alker and  C o lw e ll ,  1973; Cooney and  W alk e r, 1973) h av e  n o te d  a  d e ­
c r e a s e  i n  th e  pH o f  th e  w a te r  p h a se  o f  c ru d e  o i l  medium. R e a c tio n  o f  
f a t t y  a c i d s  and  b u ty la m in e  m ig h t s e r v e  to  s e l e c t i v e l y  b u f f e r  th e  pH a t  
th e  i n t e r f a c e  o f  th e  o i l - w a t e r  p h a s e s .  T h is  i n t e r f a c e  i s  an  e x tre m e ly  
im p o r ta n t  r e g io n  w here a c t i v i t y  i s  i n i t i a t e d  and  w here m e ta b o lic  
p ro d u c ts  a g g r e g a te  and  s lo w ly  d i s s i p a t e  i n t o  th e  w a te r  p h a s e . A dd i­
t i o n a l l y ,  f a t t y  a c id  t o x i c i t y  h a s  b een  d e m o n s tra te d  w ith  s e v e r a l  o rg a ­
n ism s (A ida and  Y am aguchi, 1969; A t la s  and  B a r th a ,  1 9 7 3 c ). R e a c tio n s  
w ith  b u ty la m in e  may re d u c e  th e  t o x i c i t y  o f  th e s e  com pounds.
S e q u e n t ia l  s e e d in g  s t im u la t e d  d e g r a d a t io n  o f  c ru d e  o i l  a f t e r  4 
d a y s .  C h ro m a to g rap h ic  d e te r m in a t io n s  (F ig s .  31 and 32) show l i t t l e  
v a r i a t i o n  i n  th e  d i s t r i b u t i o n  o f  a lk a n e s .  I n t e g r a t i o n  o f  th e  t o t a l  
p eak  a r e a  i l l u s t r a t e s  a 15% d e c r e a s e  i n  th e  a lk a n e  f r a c t i o n  due to  th e  
a d d i t i o n  o f  m ic r o b ia l  in o c u la  i n  s e r i e s  r a t h e r  th a n  a t  one t im e . 
G ra v im e tr ic  d e te r m in a t io n s  c o n s i s t e n t l y  p ro v e d  s e q u e n t i a l  s e e d in g  to  
b e  m ore e f f i c i e n t .  R e d u c tio n s  a v e ra g e d  32% f o r  s e q u e n t i a l  s e e d in g  and 
24% f o r  o ne  a p p l i c a t i o n  s e e d in g .  T hese r e s u l t s  s u g g e s t  t h a t  many o f  
th e  " se e d  c u l t u r e s "  b e in g  p ro p o se d  i n  t h i s  c o u n try  and a b ro a d  may n o t  
b e  th e  m o st e f f e c t i v e  means o f  rem oving  o i l .  M ic ro e n c a p s u la t io n  te c h ­
n o lo g y  w ith  i t s  ex p an d in g  c a p a b i l i t i e s  may o f f e r  a n  a l t e r n a t i v e  to  
th e  p h y s ic a l  a d d i t i o n  o f  c u l t u r e s  a t  d i f f e r e n t  t im e s ,  i . e . ,
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F ig u re  31. Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  c ru d e  o i l  from  









F ig u re  32 . Gas c h ro m a to g ra p h ic  a n a l y s i s  o f  c ru d e  o i l  from  









" s e q u e n t i a l  s e e d in g ."  W ith  th e  b ro a d  ra n g e  o f  r e l e a s e  m echanism s 
a v a i l a b l e ,  i . e . ,  e n z y m a tic , m ic r o b ia l  a c t i o n ,  s o l u b i l i z a t i o n ,  pH a c t i ­
v a t e d ,  i t  i s  p o s s i b l e  t h a t  e n c a p s u la te d  m ic ro o rg a n ism s  c o u ld  be u t i ­
l i z e d  to  a c h ie v e  a  t im e - r e l e a s e d  in o c u la  and  p ro d u c e  e f f e c t s  s i m i l a r  
t o  s e q u e n t i a l  s e e d in g .
I n t e r a c t i o n  w ith  P r o t e o l y t i c  A c t i v i t y
None o f  th e  p r o t e o l y t i c  o rg an ism s  exam ined e x h ib i te d  any  i n h i ­
b i t i o n  by c ru d e  o i l  on p e p to n e  medium. S tu d ie s  on i n h i b i t i o n  o f  p ro ­
t e o l y s i s  i n  com plex medium (SK b ro th )  f a i l e d  to  show any  r e d u c t io n  in  
a c t i v i t y  i n  th e  p re s e n c e  o f  c ru d e  o i l  (T ab le  2 1 ) .
I n t e r a c t i o n  w ith  C e l l u l o l y t i c  A c t i v i t y
S in c e  p r e l im in a r y  o b s e r v a t io n s  i n d i c a t e  a  r e d u c t io n  o f  c e l l u ­
lo s e  u t i l i z e r s  in  m arsh  a r e a s  w ith  o i l ,  th e  i n t e r a c t i o n s  o f  c ru d e  o i l  
and th e  c e l l u l o l y t i c  o rg a n ism s  i s  f u r t h e r  d i s c u s s e d .  T o x ic i ty ,  o r  en ­
z y m a tic  i n h i b i t i o n  a r e  p o s s i b le  c a u s e s  o f  t h i s  r e d u c t io n  in  b io m a ss . 
A l l  c e l l u l o l y t i c  i s o l a t e s  grew  w e l l  on p e p to n e  medium in  th e  p re s e n c e  
o f  o i l .  S im i la r l y ,  g ro w th  on g lu c o s e  i n  th e  p r e s e n c e  o f  o i l  a l s o  r e ­
v e a le d  no to x i c  r e s p o n s e  by any  o f  th e  c u l t u r e s .  S tu d ie s  o f  c e l l u l o s e  
d e g r a d a t io n  i n  CS m edia w ith  c ru d e  o i l  w ere in c o n c lu s iv e .  Growth o f  
o n ly  one i s o l a t e  (MS-210) was s l i g h t l y  a f f e c t e d .  T h is  r e d u c t io n  o f  
g ro w th , how ev er, was accom pan ied  by a  breakdow n o f  th e  c e l l u l o s e  
s t r i p s .  The o b se rv e d  r e d u c t io n  i n  a c t i v i t y  i s  th u s  p ro b a b ly  a  r e s u l t  
o f  d e c re a s e d  c e l l  c ro p  r a t h e r  th a n  i n h i b i t i o n  o f  th e  enzyme sy s te m . 
R e s u l ts  o f  th e s e  s tu d i e s  i n d i c a t e  t h a t  n e i t h e r  t o x i c i t y  n o r enzyme
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TABLE 21
I n h i b i t i o n  o f  P r o t e o l y t i c  A c t i v i t y  by C rude O il
C u l tu r e  
A c c e s s io n  No
O p t ic a l  d e n s i t y  ( K le t t  u n i t s )
I n i t i a l 1 2 h 18h 24h 48h
MS-203 no o i l 670 292 2 2 2 172 1 0 0
o i l 670 300 246 208 106
MS-208 no o i l 680 650 660 620 445
o i l 690 650 650 615 450
MS-211 no o i l 680 650 650 620 590
o i l 670 670 660 620 600
MS-224 no o i l 750 720 730 720 670
o i l 750 740 730 720 680
MS-405 no o i l 750 730 730 750 750
o i l 750 730 720 750 750
155
i n h i b i t i o n  a r e  r e s p o n s ib le  f o r  th e  d e c re a s e d  b io m ass  o f  c e l l u l o s e  d e ­
g r a d e r s  i n  a r e a s  s u b je c te d  t o  o i l  i n t r u s i o n .  As p r e v io u s ly  m e n tio n e d , 
c e l l u l o l y t i c  r e p r e s e n t a t i v e s  o f  th e  genus C ytophaga w ere n o t  in c lu d e d  
i n  t h i s  s tu d y .  The p o s s i b i l i t y  t h a t  o i l  h a s  an  a d v e r s e  e f f e c t  on 
th e s e  o rg a n ism s  c a n n o t be  e l im in a te d .  H owever, th e  r e s u l t s  o b ta in e d  
im p ly  t h a t  th e  p ro c e s s  r e s p o n s ib le  f o r  re d u c e d  c e l l u l o l y t i c  p o p u la t io n s  
i n  th e  e n v iro n m en t i s  a  c o m b in a tio n  o f  e n r ic h m e n t and  s e l e c t i o n  o f  
c o m p e ti t iv e  m e ta b o lic  ty p e s .
T o x ic i ty  o f  Crude O il  to  S p a r t in a
O b s e rv a tio n s  o f  l i v i n g  S p a r t in a  a f t e r  a p p l i c a t i o n s  o f  unw eath­
e r e d ,  2 -d ay  w e a th e re d , and 7 -d a y  w e a th e re d  A ra b ia n  c ru d e  o i l  demon­
s t r a t e d  no d i s t i n c t  d i f f e r e n c e s  in  th e s e  a r e a s  due to  o i l .  C om parison 
o f  i n f r a r e d  and  c o lo r  s l i d e s  o f  o i l e d  a r e a s  i n d i c a t e d  t h a t  c o n d i t io n s  
w ere i n d i s t i n g u i s h a b l e  from  c o n t r o l  n o n - o i le d  m a rsh . A l l  p l o t s  con­
t a in e d  a c t i v e l y  g row ing  p l a n t s  i n  v a r io u s  g row th  p h a s e s .  I t  i s  a s ­
sumed t h a t  l im i t e d  g ro w th  d u r in g  w in te r  m onths h a s  a llo w e d  f o r  l i t t l e  
v a r i a t i o n  i n  o v e r a l l  a p p e a ra n c e  o f  th e  t e s t  s i t e s .  However, m e a su re ­
m en ts  o f  r e g e n e r a t io n  in  p l o t s  w ith  a b o v e -g ro u n d  S p a r t in a  rem oved 
e s t a b l i s h e d  n o t i c e a b le  la c k  o f  p l a n t  r e g e n e r a t io n  in  a r e a s  exposed  to  
u n w ea th e red  and  2 -d ay  w e a th e re d  c ru d e .  S l i g h t  r e c o v e ry  from  t r e a tm e n t  
w ith  7 -d ay  w e a th e re d  o i l  was n o te d .  The c o n t r o l  a r e a  a p p e a re d  to  be 
r e g e n e r a t in g  n o rm a lly ,  b u t  r e c o v e ry  i s  in c o m p le te .  A reas  o f  t h i s  s i z e  
w i l l  r e q u i r e  a t  l e a s t  an e n t i r e  g row ing  se a so n  t o  c o m p le te ly  r e -  — 
v e g e t a t e .
O b s e rv a tio n s  o f  th e  b u rn ed  a r e a s  o f  M a rtig a n  P o in t  a l s o  showed
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a  re d u c e d  r e g e n e r a t io n  i n  o i l e d  a r e a s .  A number o f  f a c t o r s  can  be 
s u g g e s te d  to  a c c o u n t f o r  t h i s  phenom enon, among w hich  a r e  d e a th  o f  su b ­
s u r f a c e  r o o t s  due to  o i l  and  h y d ro c a rb o n  m a t e r i a l  u sed  t o  i g n i t e  o i l ,  
and  r e d u c t io n  i n  n u t r i e n t  r e g e n e r a t io n  due to  b u rn in g  o f  S p a r t i n a .
The r e c o v e ry  a p p e a r s  t o  be  o c c u r r in g ,  a l th o u g h  a  much lo n g e r  p e r io d  o f  
tim e  w i l l  b e  r e q u i r e d  d ue  t o  th e  l a r g e  a r e a s  i g n i t e d  and  b u rn e d .
CONCLUSION
I n i t i a l  s t u d i e s  (Crow, 1971; A hearn  e t  a l . ,  1971; M eyers e t  a l . ,  
1973) i n  th e  s a l t - m a r s h  e s tu a r y  b o rd e r in g  B a r a t a r i a  Bay, su g g e s te d  
t h a t  c ru d e  o i l  p ro d u ced  a  n o te w o rth y  change in  th e  s p e c ie s  c o m p le x ity  
o f  y e a s t  p o p u la t io n s .  R e p r e s e n ta t iv e s  o f  th e s e  o i l - in d u c e d  p o p u la t io n s  
had a  m ore l im i t e d  c a rb o h y d ra te  m e tab o lism  and w ere t h e r e f o r e  l e s s  a b le  
to  p e rfo rm  m e ta b o lic  f u n c t io n s  o f  th e  p r e - o i l  y e a s t  p o p u la t i o n s .
S tu d ie s  o f  b a c t e r i a l  c o n c e n t r a t io n s  d e m o n s tra te d  s e v e r a l  p e r t i ­
n e n t  d i s s i m i l a r i t i e s  i n  th e  abundance o f  c e l l u l o l y t i c ,  p r o t e o l y t i c ,  
and h y d r o c a r b o n o c la s t ic  o rg an ism s  in  th e  p re s e n c e  o f  c ru d e  o i l .  A reas 
ex p o sed  to  o i l ,  e i t h e r  by c a r e f u l l y - c o n t r o l l e d  e x p e r im e n ta l  a p p l i c a ­
t i o n s  o r  by  a c c id e n t a l  s p i l l a g e ,  had  l a r g e r  p o p u la t io n s  o f  h y d ro c a rb o n o -  
c l a s t s  and  lo w er c o n c e n t r a t i o n s  o f  c e l l u l o l y t i c  m ic ro o rg a n is m s . T h is  
w ould s u g g e s t  t h a t  a d e c r e a s e  i n  th e  r a t e  o f  c e l l u l o s e  d e g r a d a t io n ,  
due t o  re d u c e d  num bers o f  c e l l u l o s e  d e g r a d e r s ,  i s  t h e r e f o r e  a  s e r io u s  
co n seq u en c e  o f  o i l  i n t r u s i o n .  L i t t l e  d i f f e r e n c e  was n o te d  i n  th e  p ro ­
p o r t i o n  o f  th e s e  t h r e e  m e ta b o lic  ty p e s  c o m p ris in g  th e  fu n g a l  p o p u la ­
t i o n s  o f  o i l - a f f e c t e d  and c o n t r o l  m arsh .
P h y s io lo g ic a l  a c t i v i t i e s  o f  i s o l a t e s  s u g g e s t  t h a t  h y d ro ca rb o n o ­
c l a s t i c  and p r o t e o l y t i c  a c t i v i t i e s  a r e  found  in  c o m b in a tio n  25% o f  th e  
t im e ,  w h ile  c e l l u l o l y t i c  and h y d r o c a r b o n o c la s t ic  p r o c e s s e s  a r e  r a r e l y  
c o i n c id e n t .  The re a s o n  f o r  t h i s  la c k  o f  s im u lta n e o u s  c e l l u l o l y t i c  and
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h y d r o c a r b o n o c la s t ic  a c t i v i t y  i s  n o t  c l e a r  a t  t h i s  t im e ; i t  may, how­
e v e r ,  b e  due to  in c o m p a t i b i l i t y  o f  enzyme sy s tem s  o r  o f  t r a n s p o r t s  
n e c e s s a r y  f o r  d e g r a d a t io n .  I n c r e a s e s  i n  h y d r o c a r b o n o c la s t ic  and p r o ­
t e o l y t i c  o rg a n ism s  a r e  p resu m ab ly  due to  s u b s t r a t e  e n r ic h m e n t p ro ­
c e s s e s ,  s in c e  b o th  a c t i v i t i e s  a r e  found  i n  num erous i s o l a t e s .  As ex ­
p e c te d ,  o n ly  one y e a s t ,  a  T r ic h o sp o ro n  s p . ,  e x h ib i te d  c e l l u l o l y t i c  
a c t i v i t y ,  w h ile  none o f  th e  y e a s t s  p o s s e s s e d  an  e x t r a c e l l u l a r  p r o t e a s e .  
R e s u l t s  s u g g e s t  t h a t  y e a s t s  a r e  im p o r ta n t  i n  th e  c o n v e rs io n  o f  seco n d ­
a r y  m e ta b o l i te s  from  breakdow n o f  c e l l u l o s e  and p r o t e i n .
W ea th e rin g  o f  L o u is ia n a  and  A ra b ia n  c ru d e  o i l  a s  p r e v io u s ly
d e s c r ib e d  re d u c e d  th e s e  s u b s t r a t e s  by 21% and  13%, r e s p e c t i v e l y ,  w i th in
4 d a y s . The g r e a t e s t  a b s o lu te  l o s s  o c c u r r e d  i n  th e  a lk a n e  f r a c t i o n s .
W eight l o s s  w i th in  th e  a lk a n e  f r a c t i o n  was due to  th e  d is a p p e a ra n c e  o f
C^q, C ^ ,  anc* ^ 1 3  comP °un^ s / a s  w e l l  a s  t o  th e  r e d u c t io n  in  C
and C. . T hese o i l s  showed d i s t i n c t l y  d i f f e r e n t  e m u l s i f i c a t i o n  c h a r a c -  15
t e r i s t i c s ,  a l s o  p r e v io u s ly  d e s c r ib e d .  L o u is ia n a  c ru d e  had an  e m u l s i f i -  
c a t i o n  in d e x  o f  l e s s  th a n  10 , w h ile  A ra b ia n  c ru d e  gave  an  e m u ls i f ic a ­
t i o n  v a lu e  o f  30 . T ia ju a n a  c ru d e  p ro d u ced  v a lu e s  up  to  300 and co n ­
s i s t e n t l y  fo rm ed  s t a b l e  w a t e r - i n - o i l  e m u ls io n s . T h is  e m u ls i f i c a t io n  
a b i l i t y ,  p a r t i c u l a r l y  th e  te n d e n c y  to  form  w a t e r - i n - o i l  e m u ls io n s , i s  
an  im p o r ta n t  e n v iro n m e n ta l c o n s id e r a t i o n .  W a t e r - in - o i l  e m u ls io n s  can  
d e l e t e r i o u s l y  a f f e c t  th e  a v a i l a b i l i t y  o f  oxygen and  n u t r i e n t s ,  a s  w e ll  
a s  s u r f a c e  a r e a  o f  th e  o i l  exposed  to  m ic r o b ia l  a t t a c k ,  a s  h a s  been  
o b s e rv e d  by s e v e r a l  w o rk e rs  (Z o B e ll, 1964; P i l p e l ,  1 9 6 8 ) . L arge  i n ­
c r e a s e s  i n  volum e o f  s p i l l e d  o i l  p r e s e n t  a  c le a n in g  p rob lem  i n  en­
v iro n m e n ta l  s i t u a t i o n s ,  a s  d o es  th e  e x tre m e ly  " s t i c k y "  n a tu r e  o f
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w a t e r - i n - o i l  e m u ls io n s .
B io d e g ra d a tio n  o f  c ru d e  o i l  by  m ixed p o p u la t io n s  from  sam p lin g  
a r e a s  d e m o n s tra te d  t h a t  a  l a r g e  p e r c e n ta g e  o f  th e s e  m ic ro o rg a n ism s  w ere 
a b l e  to  m e ta b o liz e  o i l .  A p p ro x im a te ly  50% o f  th e  m ixed p o p u la t io n s  
p ro d u ced  e m u l s i f i c a t i o n  o f  th e  c ru d e  o i l  (2%) w i th in  3 d a y s . No 
s i n g l e ,  s i g n i f i c a n t l y  a c t i v e  i s o l a t e  was o b ta in e d  from  any  o f  th e  en ­
r ic h m e n t  c u l t u r e s .  In  a l l  l i k e l i h o o d ,  t h i s  i n d i c a t e s  t h a t  i i i  s i t u  o i l  
d e c o m p o s itio n  p ro c e s s e s  a r e  th e  r e s u l t  o f  c o m p o s ite  m ic r o b ia l  b i o t a .
M S-228, an  u n i d e n t i f i e d  g r a m - p o s i t iv e  r o d ,  and M S-309, a 
C and ida  s p . ,  g av e  m axim al d e g r a d a t io n  a t  30 C. The a d d i t io n  o f  b u t y l ­
am ine to  c ru d e  o i l  medium in d u c e d  g r e a t e r  d e g r a d a t io n  i n  s e v e r a l  a x e n ic  
c u l t u r e s .  S e q u e n t ia l  s e e d in g  b ro u g h t  a b o u t a s u b s t a n t i a l  q u a n t i t a t i v e  
i n c r e a s e  i n  o i l  d e g r a d a t io n .  The m ic ro e n c a p s u la t io n  te c h n o lo g y  would 
a l lo w  f o r  th e  s im u lta n e o u s  a d d i t i o n  o f  s e v e r a l  m ic r o b ia l  ty p e s  in  ca p ­
s u l e s ,  w ith  v a ry in g  r e l e a s e  t im e . V a r io u s  ty p e s  o f  r e l e a s e  m echan ism s, 
i . e . ,  pH, e n z y m a tic , o r  s o l u b i l i z a t i o n ,  c o u ld  be em ployed to  a c h ie v e  
optim um  d e g r a d a t io n  th ro u g h  th e  u se  o f  m ixed m ic r o b ia l  in o c u la  w ith  
d e la y e d  r e l e a s e  p a t t e r n s ,  i n  e f f e c t  a c h ie v in g  s e q u e n t i a l  s e e d in g .
E n v iro n m e n ta l i n t e r a c t i o n s  o f  c ru d e  o i l  and  p r o t e o l y t i c  m ic ro ­
o rg a n ism s  a r e  c h i e f l y  e n r ic h m e n t and  s e l e c t i o n  p r o c e s s e s .  L a b o ra to ry  
i n v e s t i g a t i o n s  d e m o n s tra te d  t h a t  n e i t h e r  t o x i c i t y  n o r p r o t e o l y t i c  en ­
zyme i n h i b i t i o n  o c c u r r e d  in  th e  p re s e n c e  o f  c ru d e  o i l .  C e l l u l o l y t i c  
p o p u la t io n s  w ere re d u c e d  i n  o i l  a r e a s ,  b u t  l a b o r a to r y  s tu d i e s  r e v e a le d  
t h a t  c ru d e  o i l  h as  no t o x i c i t y  on m ost c e l l u l o l y t i c  i s o l a t e s .  A r e ­
d u c t io n  in  g ro w th  on c e l l u l o s e  i n  th e  p re s e n c e  o f  c ru d e  o i l  was n o te d  
w i th  s e v e r a l  o rg a n is m s , b u t  th e  r e t a r d a t i o n  was n o t  e x te n s iv e  and
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seem ed to  i n d i c a t e  o n ly  a  la g  i n  i n i t i a l  g ro w th . The m o st p ro b a b le  
c a u se  o f  re d u c e d  c e l l u l o l y t i c  p o p u la t io n s  i n  a r e a s  o f  o i l  i n t r u s i o n  i s  
e n r ic h m e n t and  s e l e c t i o n  o f  c o m p e ti t iv e  m e ta b o l ic  ty p e s  s t im u la te d  by 
th e  in t r o d u c t i o n  o f  th e  h y d ro c a rb o n  s u b s t r a t e . The p o s s i b i l i t y  t h a t  
o i l  i s  i n t e r f e r i n g  w ith  g ro u p s  o f  c e l l u l o l y t i c  o rg a n is m s , n o t  i s o l a t e d  
i n  t h i s  s tu d y ,  p r i n c i p a l l y  C ytophaga s p . ,  c a n n o t b e  d is c o u n te d .
M arsh a r e a s  w ith  ab o v e -g ro u n d  S p a r t in a  rem oved a p p e a re d  to  be 
more s e n s i t i v e  to  c ru d e  o i l  th a n  a r e a s  w ith  e x te n s iv e  s ta n d in g  c ro p ,  
p a r t i c u l a r l y  d u r in g  w in te r  m o n th s. U nw eathered  and  2 -day  w e a th e re d  
A ra b ia n  c ru d e  o i l  in d u c ed  s i m i l a r  to x i c  r e s p o n s e s ,  w h ile  '7-day w ea th ­
e re d  o i l  was much l e s s  t o x i c .  T hese f in d in g s  c o r r e l a t e  w e ll  w ith  g as  
c h ro m a to g ra p h ic  a n a l y s i s  o f  4 -d ay  w e a th e re d  c ru d e  o i l ,  w hich  e s ta b ­
l i s h e d  a  lo s s  o f  a l l  a lk a n e s  s h o r t e r  th a n  f o u r te e n  c a rb o n s  w i th in  4 
d a y s . In  a l l  l i k e l i h o o d ,  u n d er e n v iro n m e n ta l c o n d i t io n s  w e a th e r in g , 
p a r t i c u l a r l y  p h o to - o x id a t io n ,  w ould p ro c e e d  a t  a f a s t e r  r a t e  so  t h a t  
th e  c r i t i c a l  w e a th e r in g  tim e  m ig h t be  g r e a t l y  re d u c e d .
A re v ie w  o f  th e  e x p e r im e n ta l  d a ta  s u g g e s ts  t h a t  a  s p i l l  in  th e  
B a r a t a r i a  Bay r e g io n  w ould c a u s e  l e s s  damage i f  o i l  w ere a t  se a  f o r  a t  
l e a s t  4 d a y s . I t  i s  f u r t h e r  s u g g e s te d  t h a t  s e q u e n t i a l  s e e d in g  o f  th e  
o i l  m ig h t in d u c e  a  g r e a t e r  r e d u c t io n  i n  o i l  th a n  th e  s i n g l e  a p p l i c a ­
t i o n  o f  a  m ixed m ic r o b ia l  in o cu lu m , p ro p o se d  by s e v e r a l  w o rk e rs . Ob­
s e r v a t i o n s  have  a l s o  d e m o n s tra te d  t h a t  b u rn in g  o f  s t r a n d e d  o i l  i s  o f  
l i t t l e  b i o l o g i c a l  v a lu e .
In  v iew  o f  t h i s  s tu d y ,  th e  fo llo w in g  p r i o r i t y  a r e a s  w a r ra n t  
f u r t h e r  c o n s id e r a t io n :
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1 ) i n t e r a c t i o n  o f  c ru d e  o i l  w ith  c e l l u l o l y t i c  members o f  th e  genus 
C y to p h a g a , s in c e  t h i s  g ro u p  i s  p ro b a b ly  a c t i v e  i n  e n v iro n m e n ta l 
c e l l u l o s e  m e tab o lism
2 ) e f f i c a c y  o f  s e e d in g  w ith  m e ta b o l i c a l ly  c o m p a tib le  o rg a n ism s  to  
a c h ie v e  a  g r e a t e r  s y n e r g i s t i c  e f f e c t
3) in - d e p th  s t u d i e s  o f  th e  o i l - w a t e r  i n t e r f a c e  and i t s  r o l e  i n  th e  
d e g ra d a t io n  r a t e s ,  and  th e  s e l e c t i v e  e f f e c t s  o f  c h e m ic a l a d d i ­
t i v e s  on th e  p r o p e r t i e s  o f  t h i s  i n t e r f a c e .
I t  w ould a l s o  seem d e s i r a b l e  to  q u a n t i t a t i v e l y  e s t a b l i s h  th e  e f f e c t s
o f  c ru d e  o i l  i n t r u s i o n  on o v e r a l l  m ic r o b ia l  m e ta b o lism , a s  w e ll  a s  th e
e f f e c t  o f  c ru d e  o i l  on  e n e rg y  t r a n s f e r  w i th in  th e  e s tu a r i n e  sy s te m .
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APPENDIX A
TERMINOLOGY OF OIL METABOLISM
U t i l i z a t i o n :  any  c o n v e r s io n  o f  h y d ro c a rb o n s  e i t h e r  a s  g row th  sub ­
s t r a t e ,  c o - m e ta b o l i t e ,  e t c .
A s s im i la t io n :  u se  a s  s o le  so u rc e  o f  c a rb o n  and  e n e rg y , m e tab o lism  o f
a s u b s t r a t e  w hich  le a d s  t o  c e l l u l a r  g ro w th .
D i s s i m i l a t i o n :  breakdow n o f  h y d ro c a rb o n s , e . g . ,  d e g r a d a t io n ,  u t i l i z a ­
t i o n ,  o r  m i n e r a l i z a t i o n .
D e g ra d a t io n :  a  c o n v e r s io n  o f  th e  m o le c u le , w hich  ch an g es  any  p h y s ic a l
o r  c h e m ic a l p r o p e r t i e s ,  o r  b i o l o g i c a l  a c t i v i t y ,  i . e . ,  d i s a p ­
p e a ra n c e  o f  o r i g i n a l  m o le c u le .
B io lo g ic a l  o x id a t io n :  a e r o b ic  o r  a n a e ro b ic  c o n v e r s io n ,  th e  in t r o d u c ­
t i o n  o f  oxygen  o r  l o s s  o f  e l e c t r o n s  by h y d ro c a rb o n s .
M in e r a l i z a t io n :  c o n v e rs io n  to  in o r g a n ic  com pounds, CO2  and H2 O,
u s u a l l y  w ith  s e v e r a l  in te r m e d ia te s .
C o -m e tab o lism : m e ta b o lism  o f  compound (n o rm a lly  r e s i s t a n t  to  o x i ­
d a t io n  o r  a s s i m i l a t i o n )  i n  th e  p re s e n c e  o f  u t i l i z a b l e  su b ­
s t r a t e .
A u to x id a t io n :  p h o to - o x id a t io n ,  c h e m ic a l t r a n s f o r m a t io n  o f  o i l  i n  th e




C e l lu lo s e  E n rich m en t Medium (C .E .B .)
5 gm y e a s t  e x t r a c t  
2  gm p e p to n e  
1 0 0 0  ml s e a w a te r
100 ml d is p e n s e d  i n t o  250 ml E rlen m ey er f l a s k s ;  fo ld e d  p ie c e s  o f  
Whatman #1 f i l t e r  p a p e r  w ere  p la c e d  i n t o  e a c h .
C e l lu lo s e  E n rich m en t Medium (C .E .F .)
5 gm y e a s t  e x t r a c t  
1 0 0 0  ml s e a w a te r
A c id i f i e d  t o  pH 4 .5  w ith  0 .1  N HC1. 100 ml d is p e n s e d  in t o  250 ml 
E rlen m ey er f l a s k s  w ith  fo ld e d  p ie c e s  o f  Whatman #1 f i l t e r  
p a p e r .
C e l lu lo s e  S t r i p  Medium (C .S .)
1  gm y e a s t  e x t r a c t  
1 0 0 0  m l s e a w a te r
5 ml d is p e n s e d  in t o  tu b e s  w ith  s t r i p s  o f  Whatman #1 f i l t e r  p a p e r ,
C a rb o x y m e th y 1 -c e l lu lo s e  Medium (CMC-MPN)
20 g CMC-7LP 
1  g y e a s t  e x t r a c t  
1 0 0 0  ml s e a w a te r
H eated  t o  d i s s o lv e  CMC, 5 ml d is p e n s e d  i n t o  tu b e s .
C a rb o x y m e th y 1 -c e llu lo s e  Medium (CMCa-MPN)
As a b o v e , b u t  a c i d i f i e d  to  pH 4 .5  w ith  0 .1  N HC1 b e f o r e  d i s p e n s in g .
C rude O il  Medium (CO)
8  gm (NH4 ) 2 S0 4  
17 gm a g a r  
950 ml s e a w a te r
a u to c la v e d ,  tem p ered  i n  45 C w a te r  b a t h .
1 0  ml c ru d e  o i l  
40 ml s e a w a te r
a u to c la v e d ,  e m u ls i f ie d  i n  a  s t e r i l e  h ig h - s p e e d  b le n d e r ,  m ixed w ith  
a g a r  m ix tu re  th e n  d is p e n s e d  i n t o  p e t r i  p l a t e s  w ith  a  C o rn w all 
a u to m a tic  s y r in g e  to  c o m p le te ly  e m u ls ify  m ix tu r e .
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G lu co se  Y e a s t E x t r a c t  (GYE)
5 gm g lu c o s e  
3 gm y e a s t  e x t r a c t  
17 gm a g a r  
1 0 0 0  ml s e a w a te r
H ydrocarbon  E n ric h m e n t Medium (HEB)
8  gm (NH4 ) 2 S0 4  
1 0 0 0  m l s e a w a te r
100 ml d is p e n s e d  i n t o  250 ml E rlen m ey e r f l a s k  and 2 ml o f  c ru d e  
o i l  i s  a d d e d .
H ydrocarbon  E n rich m en t Medium (HEF)
a s  above a c i d i f i e d  t o  pH 4 .5  w ith  0 .1  N HC1 p r i o r  to  a u to c la v in g .
H ydrocarbon  MPN Medium (HC-MPN)
0 .5  gm NH4 CI
0 .5  gm K2 HP04
1 .0  gm Na2 HP04
750 m l s e a w a te r
250 ml d i s t i l l e d  w a te r
5 m l d is p e n s e d  in t o  tu b e s  w ith  0 .1  ml
H ydrocarbon  (a c id )  MPN Medium (HCa-MPN)
same a s  above  b u t  a c i d i f i e d  t o  pH 4 .5  w ith  0 .1  N HC1 p r i o r  to  d i s ­
p e n s in g  i n t o  tu b e s .
L ip a se  Medium (LM)
5 gm W esson o i l  
5 gm y e a s t  e x t r a c t  
1 .7  gm a g a r  
1 0 0  m l s e a w a te r
a u to c la v e d ,  e m u ls i f ie d  i n  s t e r i l e  b le n d e r  p r i o r  t o  p o u r in g  p l a t e s .
M12a Agar
20 gm D ia m a lt 
5 gm p e p to n e  
3 gm y e a s t  e x t r a c t  
17 gm a g a r
1 0 0 0  ml d i s t i l l e d  w a te r
a f t e r  a u to c la v in g  and  te m p e rin g  i n  45 C w a te r  b a th
Skim M ilk  A gar (SK)
1  gm y e a s t  e x t r a c t
17 gm a g a r
950 ml s e a w a te r
a u to c la v e d ,  c o o le d  to  45 C in  a  w a te r  b a th  50 ml o f  skim  m ilk  
added
Skim M ilk  a c id  A gar (SKa)
a s  ab o v e , b u t  a c i d i f i e d  t o  pH 4 .5  w i th  0 .1  N HC1 p r i o r  to  d is p e n s ­
in g  i n t o  p e t r i  p l a t e s .
VITA
S id n ey  A lf re d  Crow, J r . ,  e l d e s t  son  o f  M r. and M rs. S id n ey  A. 
Crow, was b o rn  on S ep tem ber 27 , 1945, i n  New O r le a n s ,  L o u is ia n a .  He 
was g ra d u a te d  from  J e s u i t  High S ch o o l i n  New O r le a n s  i n  May, 1963. In  
S ep te m b er, 1963, he e n te r e d  L o u is ia n a  S t a t e  U n iv e r s i ty  i n  New O r le a n s , 
w here he  s tu d ie d  u n t i l  May 1966 . He t r a n s f e r r e d  to  L oyola U n iv e r s i ty  
o f  th e  S o u th , New O r le a n s ,  i n  Sep tem ber o f  t h a t  y e a r ,  w here he  was a  
b io lo g y  m a jo r .  In  May o f  1969 he was g ra d u a te d  w ith  a B ach e lo r o f  
S c ie n c e  d e g re e  i n  B io lo g y . From S ep tem b er, 1969 , u n t i l  May, 1970, he 
was em ployed by th e  O r le a n s  P a r i s h  S choo l Board a s  a  s c ie n c e  and  
m a th e m a tic s  te a c h e r  a t  S . B. W righ t J u n io r  H igh S ch o o l. In  J a n u a ry ,  
1970, he e n te r e d  g r a d u a te  s c h o o l a t  L oyo la  U n iv e r s i ty .
In  Sep tem ber o f  t h a t  same y e a r ,  he e n te r e d  th e  D epartm en t o f  
Food S c ie n c e  a t  L o u is ia n a  S t a t e  U n iv e r s i ty  i n  B aton  Rouge, w here in  
D ecem ber, 1971, h e  r e c e iv e d  th e  M as te r  o f  S c ie n c e  i n  Food S c ie n c e .
He was a c c e p te d  in t o  th e  D ep artm en t o f  M arine  S c ie n c e s  in  
D ecem ber, 1972 , w here he  i s  a t  p r e s e n t  a c a n d id a te  f o r  th e  D octo r o f  
P h ilo so p h y  d e g re e .
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